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VTC INCORPORATED 

VTC is a specialist manufacturer of high- 
performance integrated circuits. The company consists 
of two operating divisions - Microcircuits, founded in 
1967, uses advanced bipolar technology; the VHSIC 
Technology division, established in 1984, produces 
state-of-the-art CMOS products. Both operations are 
dedicated to the quality production of well-defined and 
specified high-performance circuits, focusing on high- 
speed and offering both standard products and semi- 
custom services. 

Microcircuits utilizes 2 and 3 micron bipolar 
technologies to produce analog, digital, and combined 
analog/digital functions. These include the VL1000 
linear standard cell library and the VL2000 high-speed 
digital standard cell library. Both systems are work 
station based, and the 2000 offers the 300 picosecond 
internal gate delays of CML technology, 1500 to 5000 
gate complexity, and inputs and outputs compatible 
with ALS, HCT, and 10KH ECL. 

The VHSIC Technology division uses an advanced 
1.6 micron, double level metal, N well process to 
produce the ACT family of interface functions and the 
VLSI 6000 gate array. The 6000 provides 800 
picosecond internal gate delays with an on-chip 
maintenance system and the comprehensive Midas™ 
software simulation tools. It is provided in a choice of 
172 pin packages - leadless chip carrier, pin grid array, 
or hermetic PTAB™. The division has developed a 1.2 
micron double level metal P well process in both 
commercial and radiation-hardened flows, exhibiting 
hardness to a level beyond a megarad. 

Both divisions are located in suburban Minneapolis, 
far from the costs and problems that plague 
~ semiconductor companies based in California's Silicon 
Valley. The company is well financed and has a 
complete capability to manufacture highly reliable 
integrated circuits. 

Our designers are experienced and have the latest 
and best software and hardware tools to ensure a highly 
productive team that produces the most competitive 
Circuits. We make our own masks in a shop equipped 
with E-beam technology. 

VTC's manufacturing processes are the result of 
years of development and refinement with proven 
quality and reliability. Our R and D engineers and 
scientists will provide near-micron bipolar and 
submicron CMOS capability to maintain VTC's position 
at the leading edge of manufacturable semiconductor 
technology. 

Our factories are designed for efficient, high- 
volume production with the most advanced 
manufacturing and test equipment. Our wafer 
fabrication areas use direct step-on-wafer fine-line 
photolithography; isotropic reactive ion etching to 
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control small features; dry plasma etching; ion 
implantation to maintain rigid control over junction 
depths, profiles and transistor threshold voltages; and 
bias sputtered quartz to provide planar surfaces 
between metal layers. Rigorous process controls and 
cleanliness standards in class 10 clean rooms with class 
1 work spaces are critical to achieving VTC's high yields 
in the production of complex VLSI circuits. 

VTC's in-house packaging capability is well 
advanced and includes plastic and hermetic packages, 
dual in-line and surface mounted, from 6 to 172 pins. 
VTC's Tape Automated Bonding technique, PTAB™, 
offers a unique alternative to conventional wire 
bonding. Various testers are used with capabilities up to 
120 pins. These include Sentry Series 80 and LTX 
systems, the latter having laser trim capability. 

VTC's quality department has many millions of 
hours of operating life test data, and has the latest 
equipment to control vendor quality, provide process 
control, qualify new products, and provide critical 
feedback to R and D as new technology is developed. 
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VTC'S ACT INTERFACE FAMILY 

VTC's VHSIC Technology Division has produced a 
new family of interface circuits using an advanced 1.6 
micron, double level metal CMOS process. This third 
generation CMOS logic family moves beyond the HCT 
products to match the high speed and drive capability of 
the bipolar ALS family with traditional CMOS power 
requirements. 

The new family, designated ACT, uses familiar 74 series 
functions and pinouts to offer a new standard for interfacing 
requirements for systems engineers in several areas. 

¢ direct replacement of the ALS family, with the 

benefit of three to five orders of magnitude of 
power reduction in the quiescent state; 

* performance upgrade for existing systems 

using HCT products; 

¢ state of the art interfaces for the latest generation 

of microprocessors, memories, and gate arrays. 

All the possible requirements to set a new standard 
in a logic family have been incorporated into VTC's new 
ACT family: 

* Low Power: input current several orders of 

magnitude less than equivalent ALS functions 

« High Speed: propagation delays that meet 

and exceed those of ALS, 5 ns typical 

¢ TTL Level Drive: 48 mA driving a 50Q line for 

commercial temperature range (32 mA military) 
¢ Pin-Outs: same as ALS 
¢ Latch-Up: typical current required exceeds 
200 mA 

¢ ESD Protection: greater than 2000 volts as 
defined by MIL-STD-883C Method 301 

«Fully Characterized and Guaranteed: minimums 
and maximums, over temperature and voltage, 
50 pF and 300 pF loads, commercial and military 
temperature ranges, test jig definition. 

The application sections of the VTC data book are 
written to help designers gain maximum competitive 
advantage in their systems. The various sections 
include characterization of the family, test and 
correlation procedures, good system design and layout 
practices, comparison of ACT to other TTL and CMOS 
families, quality and reliability, and packaging. 


INTRODUCTION: 
A.C.T. INTERFACE 
LOGIC FAMILY 
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INTRODUCTION 

As the digital integrated-circuit market has 
expanded, the need has increased for a very-high- 
speed logic family with low power dissipation. Present 
system design demands a logic family with high clock 
rate capability, short propagation delays, and a minimum 
of layout constraints. The V54/74ACT family of TTL- 
compatible CMOS logic has evolved from these factors. 

The 1.0 ns gate propagation delay of CMOS gives 
the family a speed range between the ALS and AS 
families. Additional characteristics, such as low power 
dissipation, low input load currents, low input 
capacitance, and slower rise and fall times have eased 
the difficulties encountered in trying to balance system 
speed versus ease of design. 

The V54/74ACT components have the capability of 
performing in a system that uses clock rates up to 75 
MHz. To permit such high-speed operation, gate 
propagation delays must be short. To simplify wiring 
techniques and to minimize the use of transmission 
lines, rise and fall times have been kept to slower 
values. The typical rise time is 3 ns for 50 pF type loads, 
with propagation delays through the buffers and 
transceivers of less than 10 ns. 

The V54/74ACT family can be used to obtain 
maximum versatility with low power and ease of layout 
design. The V54/74ACT family has the capability to 
drive long lines and is specified to be functionally 
compatible with their equivalent ALS part. In order to 
take full advantage of this family's capabilities, some 
restraints and cautions must be observed in laying out 
the board, power bussing to components, driving long 
lines, and using large fan-outs at maximum frequency. 

The following material will give the system designer 
insight into these areas of concern: 

-the use of non-transmission line interconnections 

-power supply needs and constraints 

-the characteristics of transmission lines that affect 

the V54/74ACT interconnections. 


PRINTED CIRCUIT BOARD CONNECTIONS 

Layout rules for designing with the V54/74ACT 
family depend on the criteria of the system used. This 
Circuit family may be used in layouts ranging from a 
single-layer printed circuit board (PCB) with wired 
interconnects, to the most elaborate multilayer board 
with a complete transmission line environment. The 
optimization of system layout will include considerations 
of system size, performance, and cost. 


GROUND INTERCONNECTION CRITERIA 
When possible, the use of power distribution 
elements (PDEs) or a ground plane is suggested. A 
ground plane is beneficial for maintaining a low noise 

voltage plane for the Voc supply and maintaining 
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constant characteristic impedance when transmission 
wires are necessary. A ground plane may be 
established by using a single-sided board with wired 
interconnects, or by using a double or multilayer PC 
board. Power distribution elements are also beneficial 
for providing low noise environments, and are strongly 
recommended by VTC. PDEs will be discussed later in 
this section. 

To illustrate how ground noise can couple through 
a common ground path and cause noise problems in 
the system, consider the situation outlined in Figure 
1.1A. This figure shows a double-sided board with 
power and ground distribution on one side and signal 
traces on the other side. A typical ground and supply 
distribution system can be created by use of interwoven 
fingers of supply and ground paths, as illustrated in 
Figure 1.2. 

The following text illustrates a possible scenario 
using this type of layout. Figure 1.1A shows four IC 
packages, where gate G3 drives gate G1 and gate G2 
drives gate G4. Gates G2 and G3 share a common 
ground path. Figure 1.1B shows an electrical 
equivalent circuit for this set-up. 


elcune ule: on ucpeoee side 


FIGURE 1.1A 
GROUND NOISE EXAMPLE 





The inductors L1, L2, L3, and L4 represent the 
distributed inductance of the ground strips. As gate G3 
switches from high to low, the transient ground current 
from G3 flows in the ground pin of G2. But there is a 
ground strip common for G2 and G3 with an equivalent 
inductance L2. The transient ground current from G3, 
acting on L2, appears as a positive spike on the ground 
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strip and could couple through to the output of gate G2, 
if G2 was on and in the low state. This happens 
because the Vo, _ level of G2 is always referenced to its 


ground pin. Thus, if the ground voltage changes, so 
does the Vo ,_ signal. 


/ 






Ground Sirip Inductance 








FIGURE 1.1B 
EQUIVALENT CIRCUIT 


VOH 
#3 OUTPUT 
VOL 


#2 OUTPUT 
VOL 












FIGURE 1,1C 
GATE OUTPUT WAVEFORMS 
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The positive spike on G2 appears at the input of G4. 
Figure 1.1C illustrates these waveforms. If the sum of 
the quiescent Vc ,_ of G2 plus the positive spike due to 


ground bounce is big enough, the input of G4 could be 
driven into the threshold region, which could cause 
G4's output to amplify the spike and propagate it 
through the rest of the system. 










FIGURE 1.2 
GROUND AND SUPPLY 


DISTRIBUTION SYSTEM ( 2-SIDED BOARD ) 





Figure 1.3 suggests an approach to minimize these 
ground spikes for two-sided boards if PDEs or a ground 
plane are not provided. The ground distribution strips 
are periodically connected by narrow traces on the top 
of the board. This reduces the common ground 
inductance component of any two packages and 
minimizes the ground spike. These links need not be 
Straight, as shown in the sketch. Typically, a spacing of 
a few inches will suffice. 

Bus drivers need closer attention. The 
simultaneous switching of a group of bus drivers on a 
common ground strip only an inch or two long can 
cause large spikes. It is recommended that buffers . 
driving a backplane be grouped at the edge of the 
board and have their ground isolated and brought in on 
a separate pin from the backplane supply structure. 
This is also recommended for any drivers or buffers ona 
board that will be driving long, heavily loaded buses on 
the PC board. Breadboarding will also work with fewer 
problems if the guidelines above are followed. Thus, 
the use of jumper wires to provide the ground 
connection is not recommended. The preferred 
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separated by a glass epoxy board. This is a typical 
power distribution system for two-sided PCB's. Figure 
Ground Strips (Bottom Side 1.6 illustrates this setup. If 1 0z. copper ( t = 0.0015" ) is 
used over a glass epoxy board ( h = 0.0625", ep = 4.7) 


and the power strip is 0.1" wide, then the characteristic 
impedance is: 


(0) 


AMWNV4 LeO-V 


Zo =[87/ V(4.7 + 1.41) ] * In( [5.98 » 0.0625)/0.8 « 0.1 
+ 0.0015] ) = 540 
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An excellent method of providing a good power 
distribution system using only a two-sided copper PCB 
is to incorporate power distribution elements (PDEs) 
into the circuitry. The use of PDEs is strongly 
recommended by VTC, and results in electronic 
assemblies that have low noise levels on their power 
and ground lines because of the inherent noise 
suppression of the PDEs. 

A PDE is composed of two flat conductors placed 
on top of each other and separated by a thin dielectric. 
This "sandwich" arrangement is then encapsulated with 
TOP SIDE LINKS an insulative material. Contact pins are placed at 
specified intervals for easy access to the two 
conductors. Figure 1.4 shows a PDE. PDEs are 


approach is to solder ground and supply pins. This available in either horizontal or vertical packages and 
would lead to realistic evaluations when using 


breadboards. For non-standard power pin-out, use 
copper braids or strips. 





POWER DISTRIBUTION ELEMENTS 

Transient noise voltages on the power distribution 
system of a circuit are caused by sudden changes in the 
current demand of the load. In high-speed digital 
Circuits, the current and voltage changes can be 
assumed to be instantaneous for the purpose of 
calculating the demands on the power distribution 
system. Thus, assuming the current change is 
instantaneous, the resulting voltage change is a 
function of the characteristic impedance (Zo) of the 


power distribution system: 
Zp = V(Lq/Cy) Insulation 
The instantaneous voltage change AV will then be: 

AV =AleZ Pe 0 | eee | fi 

= 0 LLLLLALLLLLALL LLL LLL L 
From this equation it is obvious that the Insulation 
characteristic impedance of the power distribution 


system should be as low as possible to keep transient 
noise voltage to a minimum. 


FIGURE 1.4 


For comparison, consider the characteristic POWER DISTRIBUTION ELEMENT (PDE) 
impedance of a copper power bus over a ground plane 
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4 
FANS 


Dielectric 


F RW 


Zy) =(877/Ver)*(h/w) 
FIGURE 1.5 
PARALLEL FLAT CONDUCTORS 


standard or custom lengths and pinout configurations 
from several manufacturers, such as Rogers 
Corporation in Tempe, Arizona. 

The characteristic impedance of a PDE can be 
calculated using the impedance equation for parallel flat 
conductors. An illustration of parallel flat conductors 
and their impedance equation is shown in Figure 1.5. 

lf the conductors ina PDE were 0.20" wide and 
separated by a 0.005" sheet of mylar (ep:= 5.0), then 


the characteristic impedance would be: 


Zo = ( 377/V5.0 ) * (0.005 / 0.20) = 4.20 


The characteristic impedance of the PDE is more 
than ten times smaller than the characteristic impedance 
of the two-sided printed circuit board power distribution 
system mentioned in the preceding text. This illustrates 
the low impedance of a PDE, which makes it an 
excellent choice for power distribution. 

To further reduce noise in a power distribution 
system using PDEs, use decoupling capacitors at each 
end of the PDEs. High-frequency ceramic disk 
Capacitors with values of at least 0.01 F are recom- 
mended. It is also a good idea to decouple each power 
supply voltage brought on to the board edge contacts. 


SSS AAA AAA ASA A AAA AAA ANS 


— | : 

0 Jen +141 0.8w +t 
FIGURE 1.6 
FLAT CONDUCTOR OVER GROUND PLANE 





The recommended decoupling elements are a 0.1uF hf 
ceramic-disk capacitor paralleling a 20 to 30 uF tantalum 
capacitor. 

When using PDEs in a circuit, it is best to arrange 
the PDEs so that each PDE handles only one type of 
circuit function. Interface components must always 
have a separate PDE because of their high source/sink 
capability. It is also a good practice to keep interface 
components at the edge of the board. This prevents 
switching noise from affecting more than one section of 
logic. 

For example, consider the 32-bit microprocessor 
board outlined in Figure 1.7. Separate PDEs should 
supply the memory, interface, and microprocessor 
sections, as shown in Figure 1.8. 

To avoid couplings between PDEs, which would 
increase the noise level, each bus bar should have a 
separate ground and power connection, with both 
connected at the same end and as close to the edge 
contacts as possible. Each chip should receive its 
power and ground from one PDE. If power and ground 
come from separate PDEs, the chip will couple noise 


_ from one PDE to another. Layout of a board using 


these guidelines helps isolate and lower the switching 
noise found in high-speed digital circuits. 
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MICROPROCESSOR BLOCK 


32-BIT PROCESSOR AND 
PERIPHERALS 
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FIGURE 1.7 FIGURE 1. 
32-BIT MICROPROCESSOR BOARD PDEs AND CAPACITORS ON BOARD 
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0.1" | a Strip 


1/16" Glass Epoxy 


Ground Plane 


FIGURE 1.94 
50 Q Vcc IMPEDANCE 


OT: 
I J Vcc Strip 


1/16" Glass Epoxy 


Ground 


FIGURE 1.9B 
100 Q Vcc IMPEDANCE 


NON-PDE SUPPLY 
INTERCONNECTION CRITERIA 

It is now apparent that logic gates and bus drivers 
need extra current when they switch. This in turn will 
cause transients on the power supply buses. In many 
cases Vcc is distributed by Vcc strips, which exhibit a 
fairly high impedance to transient loads. Figures 1.9A-D 
show examples of some typical Vcc runs that might 
exist on the PC board and their corresponding 
impedance values. 
In Figure 1.9A, the dynamic impedance of Vcc with 
respect to ground is 50 Q, even though the Vcc trace 
width is generous and there is a complete ground 
plane. In B, the dynamic impedance doubles to 100 . 
In C, the ground bus is also 0.1" wide and runs along 





0.1" 


7 Strip 


Ground Strip 
1/16" Glass Epoxy 


FIGURE 1,9C 
68 QO Vee IMPEDANCE 


Vcc Strip 
0.04" 0.04" 0.04" 


Te 


1/16" Glass Epoxy 


FIGURE 1.9D 
90 Q Vcc IMPEDANCE 


under the Vcc bus. This exhibits a dynamic impedance 


of 68 ©. In D, the trace widths and spacing are such that 
the traces can run under a DIP package, between two 
rows of pins. In this configuration, the dynamic 
impedance is 90Q. 

These typical dynamic impedances for copper-foil 
power distribution point out that unless a bypass 
capacitor is located near the IC, a sudden current 
demand due to an IC output switching will cause a 
momentary reduction in Vcc. 


Consider the example illustrated in Figure 1.10A. It 
shows a buffer driving a line of 120 Q. The buffer 
actually sees two 120 Q lines in parallel, or a net 
dynamic load of 60 Q. For this load impedance, the 
buffer output forces an initial low to high transition in 
about 3 ns. A 60 Q load line on the IoH-VoH 


characteristics shows a low to high step of 
approximately 3.0 V. Thus, a net change of 3.0 V into a 
60 Q load gives rise to a 50 mA current. If 10 outputs of 
the buffer IC switch simultaneously, the total current 
demand will be 0.5 A. This is a substantial current, 
requiring a bypass capacitor to supply it. 


120 Q Bus 


Buffer 


FIGURE 1,10A 
EXAMPLE: BUFFER DRIVING LINE 


BUFFER OUTPUT WAVEFORMS 


CALCULATION OF BYPASS 
CAPACITOR VALUES 

To evaluate the size of the bypass capacitor, we 
need to specify the tolerable Vcc drop. From circuit 


theory: Q=C-V 
| = CedV/dt = C*AV/At 


l is current demand. 
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C is required capacitor value. 
AV is tolerable Voc drop. 


At is the transition time of the signal. 


In the above illustration, where 10 outputs switched 
simultaneously: 


At=3 ns 
AV =0.1V 
l=05A 
Hence: C = (0.5 Ae3x10°9)/0.1 V 
= 15x10°9 
= 0.015 wF 
= 0.02 pF 


These equations illustrate an approximate method 
of estimating the size of a bypass capacitor based on 
current demand, Vcc drop, and the length of time that 


a Capacitor must supply the charge. The following 
guidelines should be adhered to for bypassing 
purposes: 


- Use bypass capacitors, one for each buffer and 
transceiver IC. If PDEs are used, place bypass 
capacitors at each end of the PDEs instead of at each 
buffer or transceiver. 

- Bypass capacitors should have low inductance, high- 
frequency qualities. 

- RF quality capacitors are preferred. 

- Use decoupling capacitors where Vcc comes onto 


the board. The recommended decoupling elements 
are a 0.1 uF ceramic disk capacitor in parallel with a 20 
to 30 nF tantalum capacitor. 

- Distribute capacitors evenly throughout the board. 


SIGNAL PROPAGATION 
IN TRANSMISSION LINES 

A transmission line is a signal path that exhibits a 
characteristic impedance. Transmission lines can be 
approximated by the lumped constant representation 
shown in Figure 1.11. For lossless lines Ro = 0. We will 


assume that the effect of Ro on Zo is negligible. 


With a ground plane present, three types of 
transmission line geometries are feasible: a) wire over 
ground, b) microstrip, and c) strip line. These 
geometries are shown in Figure 1.12. The 
characteristic impedance of each can be evaluated by 
the following formulas: (References 1-14) 

a) Wire Over Ground 
Zo = [60/V(E,-+1.41)]>In(4h/d) 
b) Microstrip Line 
Zo = [87N(E,+1.41)]*In[5.98h/(0.8w-+t)] 
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RL 
FIGURE 1.11 


TRANSMISSION LINE 


C) Strip Line 
Zo = (60/VE,)-In[4b/(0.67nw-(0.8+(t/w)))] 


( E, is the dielectric constant ) 


REFLECTIONS AND LOADING 

Consider a driving gate as shown in Figure 1.13, 
driving onto a transmission line of characteristic 
impedance Zo. When the output of the driving gate 
changes state, the voltage at point A is a function of the 
voltage swing, output impedance, and line impedance. 


Va(t) = VinsIZo/(Ro+Zo)] 





=] Ground 


(A) WIRE OVER GROUND 


aratetatetatetecetene® 
Tetetetetoteteteterete’ 


<q Ground 


Stripline 


(C) STRIPLINE 


FIGURE 1.12 
TRANSMISSION LINE GEOMETRIES 





Ro is the internal resistance of the driver. 


Some time later, this voltage step reaches point B, 
where it may be reflected. The reflection coefficient f,_ 


depends on the load at the other end of the line. 
FL = (RL-Zo)(RL+Z0) 


A reflection will always occur, except when R,_ = Zo. 
The reflection will continue to bounce back and forth on 
the line, getting successively smaller in amplitude. The 
result is ringing on the signal line. 


Transmission Line 


FIGURE 1,13 
GATE DRIVING TRANSMISSION LINE 





Rise time effects can be understood by considering 
the delay time of the line. If the line length 'l' is 
sufficiently short, the first reflections are seen at the 
sending end of the line while the driver is still changing 
state. The reflections are hidden by the rising edge of 
the pulse, and ringing is reduced. To limit undershoot 
to about 12% of the logic swing, the maximum open line 
length permitted would be: 


LMAX = t/2tog 


t, is the rise time of the driving gate. 
tod is the propagation delay per unit line length 
(ns/ft). 
For the microstrip line, the propagation delay of the 
line may be calculated by: 


tog = 1.017V(0.475E,+0.67) ns/ft. 


E, is the dielectric constant of the board. 
For fiberglass epoxy boards E; ~ 5.0, hence tpg is 
approximately 1.75 ns/tt. 


REFLECTIONS AND LOADING 
FOR VARIOUS TERMINATIONS 

The previous discussion assumed a line without 
any termination. If a termination resistor is used, the 
reflection value will be reduced, as given by the 
reflection coefficient: 


fL=(RL-Zo)AR_+Zo) 


Figure 1.14 shows a scheme for terminating each 
end of a data bus to limit reflections and establish a high 
level when all buffer outputs are in the high-Z state. 
Table 1.1 shows the percent reflection and the 
quiescent Ico _ load on a buffer for various values of Ry. 


SYSTEM DESIGN CONSIDERATIONS 


Bus Line Impedance = 100 


R2 
For HIGH-Z State Voh of 3.0 V, 
Make R2 = 1.5°R1 


FIGURE 1.14 REFLECTIONS & LOADING 
FOR VARIOUS TERMINATIONS 





Ro is set at 1.5 times Ry, and Io _ is the load current due 
to the termination resistors. 


TABLE 1.1 

RyQ %Reflection Io,Load mA (Each End) 
00 100 0 

510 51 8 

330 33 13 

240 18 17 

180 4 23 

160 -2 26 


Until now, the effect of loading on the terminated 
line has been ignored. Fan-out along a signal line 
lowers the effective characteristic impedance. The 
effect of this is given by the equation: 


Z0' = ZoN[1+(Cp/Co))] 


Zo'is the loaded line impedance. 
Zo Is the unloaded line impedance. 
Cp is the total distributed capacitance due to 


loads. 
Co is the intrinsic capacitance per unit length. 


l is the length of the line. 


This shows that, in a bus or backplane environment, 
it is very difficult to prevent reflections by various line 
terminations if the number of loads are likely to change 
over the life of the system. 

Loading also increases delay in the transmission 
line. Propagation delay of a loaded line may be 
calculated from the following equation: 


tod’ = todv [1+(Cp/Col)] 
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tod’ is the propagation delay of the loaded line. 
tod is the propagation delay of the unloaded 


line. 
Cp is the total distributed capacitance due to 


loads. 
Co is the intrinsic capacitance per unit length. 


| is the length of-the line. 


Increased capacitive loading also slows the rise time 
of the signal because the driver must drive a larger load. 
All these factors should be considered when evaluating 
the signal propagation along a transmission line. 


REFLECTION DIAGRAMS 

A reflection diagram is a graphic technique used to 
evaluate the effect of signal propagation and reflection 
over a transmission line. The graph has both the 
output-low and output-high (I-V) characteristics of the 
driver. The dashed line passing through the 3V point 
on the voltage axis is the I-V characteristic of the 
termination in parallel with the driver gate. Figure 1.15 
and 1.16 show the reflection diagrams for the 
V54/74ACT family of drivers. 

To make a low-to-high transition reflection diagram, 
as shown in Figure 1.15, start by drawing a -120 Q (or 
the impedance of the driven line) line from point 1, the 
quiescent low condition. The intercept with the 
loH:VOH characteristic, point 2, is the first step at the 


driver output. From point 2, draw a +120 Q line to the 
termination line, intersecting at point 3. From point 3, 
draw a -120 Q line, intersecting the loy:Voy 


characteristic at point 4. Successive intercepts | 
converge in the quiescent high condition. The voltage 
vs. time graphs illustrate the voltage changes at either 
end of the line. The changes at the receiver and driver 
rH Separated by a time T equal to the line delay of the 
ine. 

Figure 1.16 shows the high-to-low transition 
diagram. These transitions can be evaluated graphically 
while maintaining an acceptable level of accuracy. The 
mathematical calculations tend to be tedious and fail to 
reveal the physical mechanisms taking place. 


CROSSTALK 

Crosstalk is caused by capacitive and inductive 
coupling of signals along parallel lines. Figure 1.17A 
shows an electrical equivalent circuit of two parallel 
lines. A pulse propagating down line CD is capacitively 
coupled into line AB. The effect of the coupled pulse is 
lumped at point X. The coupled voltage on line AB 
causes Current Ic to flow from the point of coupling to 


both ends. 






Voh vs. loh 





Vol vs. lol 


aor 







Vin vs. lin w/ 
termination 
(3302,470Q) 





Transmitter (-H) Receiver (L-H) 
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FIGURE 1.15 
GATE DRIVING 120 2 LINE REFLECTION 
DIAGRAM LOW-TO-HIGH TRANSITION 


Current in the direction of A is called "backward 
crosstalk” and current in the direction of B is called 
“forward crosstalk." Similar coupling is caused by the 
mutual inductance of the lines, this current couples in 
the direction of “backward crosstalk.” 

Because the line is not terminated, these signals 
also go through reflections at A, and after 2tq's reach B. 


The crosstalk amplitude can be calculated by the 
following equation: (Reference 11) 


V(x4,t) = kexed/dt{Vintt-T pQ/)]+kpIVin(t Tp (x/)-Vin(t- 
2Tp+Tp(x/))]} 


ks = forward crosstalk coefficient = 
-1/2[(Ly/Z0)-Cy"Zo) 

Kb = backward crosstalk coefficient = 
(V4Tp)(Lyy/Z0)+CuZol 

Ly = mutual line inductance per unit length. 

Cry = mutual line capacitance per unit length. 

Zo = characteristic line impedance. 


Vol vs. lol Voh vs. loh 


Vin vs. lin w/ 
termination 
(3302,470Q) 


Transmitter (H-L) Receiver (H-L) 


5.00 
4.00 
Vout (V) 
1.00 
0.00 
-1.00 
10 141 2 3 4 6 
time In prop.delays 


-1 +40 1 2 3 4 65 
time In prop.delays 


FIGURE 1,16 
GATE DRIVING 120 Q LINE REFLECTION 
DIAGRAM HIGH-TO-LOW TRANSITION 





| = line length. 
X = an arbitrary point along line. 
Tp = delay through the line. 


The amplitude of crosstalk is a function of line 
length for short lines. Short lines are defined as lines 
that have a propagation delay less than one-half the 
input rise time. The width of the crosstalk pulse will 
always be a function of the length of the line. The rise 
and fall times of the crosstalk pulse on line AB are the 
same as the rise time of the signal propagating down 
line CD. Figure 1.17B illustrates a crosstalk (noise) 
pulse that would be seen at point B for various line 
delays. | 

Termination reduces the amplitude of crosstalk 
signals. Even partial termination will reduce the 
amplitude of a signal appearing at the end of the line. 
Table 1.2 illustrates this point. A terminating resistor 
twice the value of the line impedance reduces the noise 
amplitude by one-third. A matched termination cuts the 
noise amplitude in half, relative to the nonterminated 
line. 


SYSTEM DESIGN CONSIDERATIONS 


Line Delay = T 


Coupled Length = L 
C | Passive Line D 


Active Line 


IC+ IL IC - IL 


FIGURE 1.17A 


CROSSTALK COUPLING IN PARALLEL 
LINES - ELECTRICAL MODEL 





TABLE 1.2 
Noise Amplitude Termination R, in terms of Z 
100% R=0 
67% R = 2eZ 
60% R = 1.5*Z 
50% R= 1*Z 


General recommendations for crosstalk reduction 
are: 

a) Maximize the spacing between signal lines, which 
reduces coupling inductance and capacitance. 

b) Minimize spacing between signal line and 
ground. 

c) Wrap a wire around the talker to confine its field, 
or around the listener to shield it. 

d) Use split-resistor termination. 

e) Locate a ground trace next to the active wires. 

f) Make every other conductor in a flat cable a 
ground. 


For multilayer crosstalk reduction, position signal 
lines perpendicular to each other in adjacent planes and 
use power planes as shields between pairs of signal 
planes. 


SUMMARY AND CONCLUSION 

The preceding text has been an overview of the 
problems and issues common to most system design 
environments. General design guidelines with 
numerical illustrations and formulas were provided. 


These guidelines are useful tools for analysis of specific 
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SYSTEM DESIGN CONSIDERATIONS 


48 mA per bit and the charging/discharging of bus lines 


can cause large ground currents. Supply decoupling 
should be located close to the actual drivers to provide 
the current required for the charging of bus lines. 
The following are general suggestions to minimize 
grounding and noise problems: 
| aT Minimize Crosstalk: 


- Use power distribution elements. 


For T > 0.5tr noise r maximum amplitude. - Use topside links for the ground grid. 
SUD ee alee toacige Maxi apes - Use a dedicated ground plane in multilayer boards. 


- Make every other wire in a flat cable a ground wire. 
- Minimize spacing between a signal line and ground 
line. 
- Maximize spacing between signal lines. 
- If possible, use a four layer board with a dedicated 
ground and supply plane. 
ot —pl Increase Decoupling: | 


- Use high-frequency capacitors of the tantalum and 
ceramic types. 
- Provide a bypass capacitor close to the buffer 


package. : 
- Use a dedicated supply plane if the system warrants 
it. 
1p If the system has mostly CMOS or NUOS 
components, the current requirements of the system 
may not be very high. In this case, dedicated supply 
For T < 0.5tr noise never reaches maximum amplitude. planes may not be necessary; decoupling capacitors 
with a good ground grid might do the job. Analyze your 
FIGURE 1.17 component's requirement and follow the relevant 
CROSSTALK COUPLING IN PARALLEL guidelines from above in the general layout of your 


LINES - NOISE PULSES AT POINT B _ system. 


A-C-T FAMILY 
APPLICATION NOTES 


For T = 0.5tr noise just reaches maximum amplitude. 





design issues the system designer will encounter. 
References are provided for further information. 

The VTC interface buffer, driver, latch, and 
transceiver families offer short delay and setup times, 
high drive capability (fan-out), low power dissipation, low 
input capacitance, and a low input current requirement 
for modern high-performance TTL systems 
environments. | 

Improved performance, fast edge rates, and high 
drive capability means that care must be exercised in 
the design of the layout environment of both signal 
paths and the grounding system. Every line behaves 
like a transmission line, so careful consideration should 
be given to the relationships between loading, 
termination, noise margins, and ringing. 

The power distribution network could require 
PDEs, heavier bussing, a grid approach, or a separate 
ground plane, depending on the driver layout and 
overall current densities. The device capability to sink 
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INTRODUCTION 

A bus line is designed to interconnect several 
points in a system with a common data path. Normally, 
drivers and receivers are located at each end of the line, 
so data can flow in either direction. Additional drivers 
and receivers often connect to the bus at various points 
along the line, requiring that the driver be capable of 
sending a signal in both directions. 

Due to this criteria, a high-speed bus driver should 
be capable of operating into a load equal to one-half the 
characteristic line impedance. At any given time, only 
one driver on a bus can send data. In this section, 
single-ended buses will be considered with an 
illustrated example of the VMEbus™. 


HIGH-SPEED REQUIREMENTS 

A sample specification of the VMEbus™'s electrical 
requirements is discussed and analyzed. 

Generally, high-speed single-ended buses can 
have a high fan-out density and use TTL/CMOS/ ECL 
type circuits as drivers and receivers. The signal type 
and voltage levels are determined by system 
requirements. The VMEbus™ specifies typical TTL 
voltage signals. 

All VMEbus™ signals are limited to positive levels 
between 0 and 5 volts. The signal levels are: 

a) 0.0 V < Driver low output level (Vo _) < 0.6V. 


b) 0.0 V < Receiver low input level (Vj; ) < 0.8V. 

C) 2.4 V < Driver high output level (Voy) < 5.0V. 

d) 2.0 V < Receiver high input level (Vj}4) < 5.0V. 
Figure 2.1 gives a simple representation of these 


levels. The V54/74ACT series bus interface circuit 
family meets the specifications in Figure 2.1. 


VMEBUS™ SPECIFICATIONS 

The VMEbus™ calls out the electrical specifications 
for standard 3-state signal lines. This class of signals 
consists of address lines A00-A31, data lines D00-D31, 
and transfer signals Am0-Am5. The following paragraph 
lists in detail the voltage and current specification for 
this class of lines. 


DRIVER CHARACTERISTICS 
FOR STANDARD 3-STATE 
CLASS LINES 
a) Low state output current: Io, = 48 mA. 
b) Low state output voltage: Vo, < 0.6 V at IE = 
48 mA. 
c) High state output current: IG} 2-3 MA. 
d) High state output voltage: Voy 2 2.4 V at IoH = 
-3 MA. 


DESIGN CASE 


e) High level output current: lo7yH < 100 LA at Vo = 


2.7 V 3-state off. 
f) Low level output current: loz, <-100 pA at Vo = 


0.6 V 3-state off. 
g) Short circuit current: log minimum -25 mA, 


maximum -225 mA, at 0 V. 
h) Output capacitance: Driver, CoyT < 15 pF 
Transceiver, Cays < 18 pF. 


50 —— a —— Vier 


High 1 2.94V 
Level 


V (Terminator) 


9 4 Vee Voh Mj 
so na |e 


08V— STITT 7 7 «U«VilMax =| Steady State 
Low 06 VLLLLLLLLY Vol = | Noise Margin 
Level ° 

0.0 V————————— Ground 
FIGURE 2.1 VMEBUS™ SIGNAL LEVELS 





The total capacitive load presented by a VME 
module to any of these lines shall not exceed 20 pF. 

All bus receivers should have an input diode clamp 
that prevents negative voltage excursions from going 
below -1.5 V. The other requirements for the 
VMEbus™ signals are given in the following paragraph. 

Receiver circuits for signals should provide the 
following electrical characteristics as a maximum: 


a) Low level input current: |), <-600 HA at Vy; = 


0.5V. 

b) High level input current: I,4< 50 pA at Vip = 
2.4V. 

c) Positive or negative going threshold voltages: 
0.8 V<V7s2.0V. 


(Receivers on these lines are recommended, but 
not required, to have hysteresis inputs) 
d) Input capacitance: Receiver, Cijy < 7 pF. 


Transceiver, Cayus < 18 pF. 


The V74/54ACT interface family meets or exceeds 
these specifications. The input currents are in the 1A 
range. The quiescent supply currents are small, in the 
25 pA range. The V54/74ACT series has a high current 
sink/source Capability for low and high states. Refer to 
the DC characteristics table for the detailed specification 
numbers. 
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DESIGN CASE 


BACKPLANE SIGNAL LINE 
INTERCONNECTIONS 

The VMEbus™ is an asynchronous, high-speed 
bus intended for high-performance systems. The 


backplane signals must be treated as transmission lines. 


These backplanes are characterized by the following 
features: 

- Maximum signal line length is 19”. 

- Maximum number of slots (loads) is 20. 

- Termination networks at each end of the bus. 

Thus, the fan-out is limited to a maximum of 20 
loads. The VMEbus™ can be modeled as a 
transmission line with distributed loads. The backplane 
line has an intrinsic characteristic impedance Zo. The 


fan-out along a signal line lowers the effective 
characteristic impedance to Zo’, as given by the 


equation: 
Zo = Zo/(v[1 +(Cp/Coel)]} (for strip lines) 


Zo is the unloaded line impedance. 
Cp is the total distributed capacitance. 
Co is the line intrinsic capacitance per 


unit length. 
lis the line length. 


TRANSMISSION LINE CHARACTERISTICS 
OF SOME INTERCONNECT MEDIA 

Figures 2.2 through 2.5 show various transmission 
line types that can be used for interconnecting high- 
speed logic systems. A brief description and general 
impedance estimation formulas are given in the 
following section. This is included to give a flavor of the 
information and data needed to do a typical design of 
bus driver circuits. The description is by no means 
complete and comprehensive, but is used to illustrate 
the procedure that should be followed for the actual 
design. 


Coaxial Cable 
Cross-Section 


Twisted Pair 


FI 
COAXIAL CABLE, TWISTED PAIR 





1) COAXIAL CABLE, TWISTED PAIR 

Figure 2.2 shows a coaxial cable and a twisted pair. 
Coaxial cable is available with characteristic impedances 
of 50, 75, 100, and 125 ohms. The twisted pair can be 
made from standard hookup wire. A twisted pair has a 
characteristic impedance of approximately 110 Q. This 
wire type can be used for long line lengths located in 
the backplane. 


ale 


Ground 


EIGURE 2.3 WIRE OVER GROUND 





2) WIRE OVER GROUND 

Figure 2.3 shows the cross-section of a wire over a 
ground. It can be used for backplane wiring and general 
breadboarding. The characteristic impedance of this 
wire is: 


Zo = (G0NE,)+In(4h/d) 


E, is the dielectric constant of the medium. 


d is the diameter of the wire. 
h is the distance from the ground plane. 


3) MICROSTRIP LINES 
Figure 2.4 shows the microstrip line. The 
characteristic impedance Zo of a microstrip line is: 


Zo = [87/N(E,+1.41)}*In[5.98h/(0.8w+t)] 


Er is the dielectric constant of the board. 


h is the thickness of the dielectric. 
t is the thickness of the line. 
w is the line width. 


The above equation is fairly accurate for ratios of 
width to thickness between 0.1 and 3.0, and dielectric 
constants between 1 and 12. 

Figures 2.5 and 2.6 show curves for microstrip 
impedance and capacitance per foot as a function of 


Dielectric 


Set ttttttttéitttitéittiééda Ground 


MICROSTRIP 


line width and spacing. The inductance per foot can be 
calculated using the following formula: 


Lo= Zo*Co 
Co is capacitance per foot. 


Zo is the characteristic impedance. 


The propagation delay of the line can be calculated 
by using the following formula: 


tpp = 1.017V[0.475E,+0.67] ns/ft. 


For G-10 fiberglass epoxy boards (E, = 5.0) the 
propagation delay of the microstrip line is 1.77 ns/ft. 


Fiber-glass epoxy: Er= 4.7 ° 
1 oz. Cu: t = 0.0015” 


Dielectric 
thickness, h_ ! 


40 60 
line width in mils 


CHARACTERISTIC IMPEDANCE 
MICROSTRIP LINES 








DESIGN CASE 


Dielectric 
thickness, h 


Fiber-glass epoxy: Er = 4.7 
1 oz. Cu: t = 0.0015" | 


0 20 40 60 80 


line width in mils 
FIGURE 2.6 
CAPACITANCE PER UNIT 
LENGTH FOR MICROSTRIP LINES 


4) STRIPLINE 
A strip line consists of a copper strip centered ina 


dielectric medium between two conducting planes, as 


shown in Figure 2.7. The characteristic impedance of a 
Stripline, as given by theory, is: 


Zo = [60/VE,}*In{4b/[0.67nw(0.8+(t/w))]} 


Ground 


eed 
A, ae, Plane 


t Stripline 


Ground 


OBA AAA eee AeA AAAS AAA Plane 


FIGURE 2.7 STRIPLINE 


Figures 2.8 and 2.9 show values of Zo and 


Capacitance for various stripline widths and thicknesses. 


The inductance can be found using the formula: 


Lo = Zo*Co 
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Line spacing, h: 
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CHARACTERISTIC IMPEDANCE FOR 
STRIP LINES 


‘ Dielectric 


Fiber-glass epoxy: Er=4.7 
‘ thickness, h 


1 oz. Cu: t = 0.0015 


40 
line width in mils 


FIGURE 2.9 
CAPACITANCE PER UNIT 
LENGTH FOR STRIP LINES 





The propagation delay is given by the relation: 


tpp = 1.017VE, ns/ft. 


The previous text summarizes the various types of 
interconnect technologies. The actual numbers can be 
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found by measurements or from the PC board vendors. 
These numbers will serve as a guide to set up and work 
through a typical design problem. For further technical 
information, refer to the reference section at the end of 
section 1, "System Design Considerations." 


DESIGN RULES 
The VMEbus™ specification recommends the 
following design rules for designing VME boards: 


1) Circuit traces from the DIN connectors to the on- 
board circuitry shall not have a length greater 
than 2". 

2) No more than one driver and one receiver (or one 
transceiver) may be connected to any VMEbus™ 
signal line. 

3) A standard termination should be used on each 
end of all VMEbus™ signal lines, as shown in 
Figure 2.10. A Thevenin equivalent for each 
termination is also shown. 


Signal Line 
470Q 470 Q 


“="—_- Resistor Network 


2.94 VDC 


Thevenin Equivalent 
For Each Terminator 


FIGURE 2.10 | 
STANDARD BUS TERMINATION 





DESIGN CALCULATIONS 

The microstrip line backplane will be used for the 
bus lines. Also, the intrinsic impedance must be as high 
as possible, because Zqg will decrease due to loading. 


Let us select: Zo = 120 Q and w = 25 mils, then Co = 
18 pF/ft or 1.5 pF/inch. 


Z0'=Zo/{N[14(20/1.5)]} 


The bus is 20" long and has at most 20 pF of load 
on each connector. Hence, under fully-loaded 
conditions: 


Zo! = 120/N[1+(20/1.5)] = 31.7 


The propagation delay time of a loaded line may be 
calculated from the following equation: tpp' = 


tppv[1 +(Cp/Co)] 


The unloaded microstrip line has a propagation 
delay of 1.77 ns/ft. 


So: tpp = (20/12)*1.77 = 2.95 ns 
And: tpp' = 2.95v[1+(20/1.5)] = 11.2 ns. 


Thus, a bus line that is fully-loaded with boards, with 
each board presenting a load as dictated by design 
rules of no more than 20pF, has a propagation delay of 
11.2 ns. 

The total capacitive load presented by the bus line 
is approximately 20°(20) = 400 pF. The driver circuits of 
the V54/74ACT family will have a typical rise time of 
10ns to drive this type of load. Thus, if the bus is driven 
from one end, the total propagation time for a round trip 
will be 2*tpp' = 2911.2 = 22.4 ns. This implies that 


tRISE < 2*tpp’ and the reflected waveforms will cause a 


certain amount of ringing. This situation requires the 
use of termination networks. Reflection diagrams are 
drawn in Figures 2.11A and 2.11B to show the various 
voltage and current steps for low-to-high and high-to- 
low transitions. 


POWER DISSIPATION ADVANTAGE 
OF ACT PARTS OVER ALS PARTS 
FOR VMEBUS™ IMPLEMENTATION 

Consider a VMEbus™ with transceivers driving the 
address lines A00-A31, data lines D00-D31, and 
transfer signals Am0-Am5. This would require nine part 
types for the full VMEbus™ at each interface. The bus 
is 20" long and has 20 other transceivers connected to 
it. 


Power Dissipation Calculation: CMOS parts 

From the specification sheet for 245s, the typical 
output capacitance of each output is known to be 10 
pF. The total capacitance on the bus can be calculated 


DESIGN CASE 


Vol vs. lol Voh vs. loh 


DC a 
High-freq. | 
Clamping 


Vin vs. lin wi 
termination 
(3302,470Q) 

{ 


Transmitter (L-H) Receiver (L-H) 
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5.00 5.00 
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Vout (V) 3.00 Vin (V) 3. 
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0.00 0.00 
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FIGURE 2.11A 
LOW-TO-HIGH REFLECTION DIAGRAM 


as (number of drivers)*(capacitance of each driver) = 
(20)*(10pF) = 200pF. The capacitance of the 20" bus 
itself is 20 pF, so the total capacitive load is 20 pF + 200 
pF = 220 pF. 

Assuming a 1 MHz switching rate and Vcc = 5V, 
the power dissipation per line can be found: 

P = Voc*feC 


= (25)*(1.0 x 108)-(220 x 10°12) 
=0.006 Watts 
Therefore, each 245 component will use 8°0.008 = 

0.048 watts. For nine parts at each node, the power 
dissipation for the bus is 9°0.048W = 0.432 watts for 
the complete backplane. The components that are not 
driving the bus do not dissipate any significant power, 
having a typical quiescent current of 10uA. Therefore, 
the total power dissipation is 0.576 watts/MHz. 


Power Dissipation Calculation: ALS parts. 
From specifications for the ALS 245 parts we find 
that Icc of the disabled parts = 63mA. The system has 


a total of 180 parts - 20 nodes times 9 per node. 
Therefore the total quiescent power dissipation = 683mA 
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DESIGN CASE 


Voh vs. loh 


. 
8 
Vin vs. tin w/ 
termination 
(3302,470Q) 
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} 
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Transmitter (H-L) Receiver (H-L) 
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time in prop.delays 
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FIGURE 2.11B 
HIGH-TO-LOW REFLECTION DIAGRAM 


x 180 parts x 5V = 56.7 watts. This does not include the 
extra power dissipated due to switching. Figure 2.12 
compares the ALS and ACT power dissipations for this 
system over frequency. The CMOS implementation 
dissipates 0.576 W/MHz and is linear, while the ALS 
implementation has a quiescent DC power dissipation 
of 56.7 watts. This will increase over frequency similar 
to the CMOS implementation. 

The preceding illustration demonstrates the 
advantage of the V54/74ACT series of parts over the 
bipolar parts in an actual system environment. 


CONCLUSION 

In Summary, a short description of a VMEbus™ 
specification was given, followed by calculations to 
illustrate how the V54/74ACT series of bus drivers/line 
transceivers would be used to drive the bus interface to 
the VMEbus™. The example used the fully-loaded and 
configured 20 slot VMEbus™. This is the worst-case 
Situation that would be encountered. In a real-life 
Situation, it may not be completely loaded. This would 
improve the rise/fall times, but also result in higher 
ringing. The bus should be as per the VME 
specification. Follow the general design criteria as 
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frequency (MHz) 


POWER DISSIPATION FOR ALS AND 
ACT SYSTEMS OVER FREQUENCY 





outlined in section 1, “System Design Considerations," 
to do a complete design of physical and electrical 
aspects of the system. 

This section is a simple illustration of the complex 
task of designing bus interface circuits in a system 
environment. No timing, speed, performance, or power 
objectives were considered. The section illustrates that 
the V54/74ACT family of parts meets the general 
electrical specifications of the VMEbus™ specification 
and can be used to design a bus interface. The power 
dissipation illustration is a case of the overwhelming 


superiority of the V54/74ACT interface family over ALS 


and other TTL families. 
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INTRODUCTION 

Extremely low power dissipation with high-speed, 
high drive capability is a unique feature of the 
V54/74ACT family of interface components. VTC's 
ACT series of parts draws three to five orders of 
magnitude less power than the equivalent ALS parts in 
the quiescent state. The input current is also less 
( several orders of magnitude ) than that of the 
equivalent ALS parts, which the ACT series was 
designed to replace. 

The main component of power consumed during 
Switching is dynamic in nature. Dynamic power 
consumption is due to load capacitance, charging and 
discharging of internal capacitance, and, to a lesser 
extent, current spiking during switching. 

This section will describe the various causes of 
power consumption and compare the power dissipation 
of the V54/74ACT and SN74ALS families of bus 
interface parts. 


QUIESCENT POWER CONSUMPTION 

The V54/74ACT family is designed using advanced 
CMOS technology. The complementary nature of this 
technology prevents any direct current path to form 
between Vcc and ground, under stable conditions. 


Figure 3.1 shows a simple inverter in a steady state. 
Either the P or the N transistor is off, breaking any direct 
path between Voc and ground. However, a small 


amount of leakage current will usually flow across the 
reverse-biased diode junctions of the inverter. This 
reverse-biased leakage current is a function of the 
thermally generated minority carriers. A change in 
temperature will cause a change in this current. This 
reverse-biased leakage current is also known as the 


quiescent supply current, Ioc. Table 3.1 lists typical 






FIGURE 3.1 ae eal 
SIMPLE INVERTER IN STEADY STATE 
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values of quiescent current for a V74ACT240 buffer 
over operating temperature. 

Each device specification contains the quiescent 
supply current values for that device. This is a direct 
current that flows from Voc to ground when the device 
is in its quiescent state: 

All inputs = Voc or ground. 
All outputs tristate and open. 


TABLE 3.1 
SUPPLY CURRENT I«c FOR V74ACT240 





The value of this current is a function of input 
voltage and is higher when the inputs are not at Vcc or 


ground. The higher quiescent current is caused by the 
input transistors partially conducting; thus, it is important 
that in a system environment, the input voltages stay as 
close as possible to Vcc or ground. This results in 


minimal current flow and power dissipation. 
Figure 3.2 shows the typical quiescent current, Icc, 


for various levels of input voltage. To obtain the 
quiescent power consumption, simply multiply Icc by 


the supply voltage, typically 5 volts. 
Poc = 'cc*Vec 


For V74ACT interface parts, the typical power 
dissipation is: 5 V* 10 pA = 50 uW 


DYNAMIC POWER CONSUMPTION 
As mentioned earlier, the main components of the 

power dissipation in this family of interface parts are 
dynamic in nature. These dynamic components can be 
attributed to the following causes: 

1) Current flow during switching or switching 

currents. 
2) Internal currents due to capacitive switching. 
3) Dissipation due to external load capacitance. 
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TYPICAL QUIESCENT CURRENT 





1) SWITCHING CURRENT: 

When the inputs to a gate make a transition, both P 
and N-channel transistors go through a state where one 
is turning on while the other is turning off. The length 
and duration of this state is dependent on the rise and 
fall times of the inputs. Figure 3.3 is a simplified diagram 
to show the electrical equivalent model of an inverter in 
transition. The partially on/off devices behave as 
resistors, allowing a current to flow from Vcc to ground. 


Voc Gnd <Vout< Vcc Voc 
Gnd < Vin < Vcc 

P-Chan 
Vin VOUT VOUT 
<=> 

T C R N-Chan 

FIGURE 3.3 a 
MODEL OF AN INVERTER IN TRANSITION 












In a typical system environment the inputs rise or fall 
quickly, within 15 ns. In this situation, a current spike of 


short duration occurs during switching. The total power 
dissipation in this condition is frequency dependent 
and can be lumped into the second component of 
power, namely the internal capacitive switching power. 
It is difficult to evaluate these two components 
independently, so they are usually lumped together in 
an equivalent capacitance, represented by Cppg, the 


charging and discharging of which would result in an 
equivalent power dissipation. 

The relationship of interest is the dependence of 
the component of power dissipation on the rise and fall 
times of the inputs. If the inputs do not rise fast enough 
(typically < 10 ns), the devices stay turned on fora 
longer duration. In this case, the base line power 
dissipation due to Cppg is not adequate to account for 


the extra power. This can be compensated by varying 
the value of the capacitor with changes in the rise times 
of the inputs. Figure 3.4 shows a plot of this new 
capacitance, Cpp, normalized with respect to Cppg, 


versus rise time. The two curves show Cpp for 
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FIGURE 3.4 
Cpp (NORMALIZED) VS. RISE TIME 





transceivers and buffers respectively. All the interface 
parts will have an effective capacitance Cpp between 


these two curves. The total power dissipation due to 
switching frequency ‘f' is given by: 


Pp = Cpp*Voc"t 





Vcc is the supply voltage. 


Cpp is the effective capacitance due to internal 


Capacitance and switching currents. 
f is the frequency of the system. 
Pp is the total internal power dissipation. 


2) INTERNAL CAPACITANCE 
TRANSIENT DISSIPATION: 

For interface buffers, latches, and transceivers, 
there exists a certain amount of capacitive load internal 
to the device itself. This capacitance is due to a variety 
of factors, such as the gate capacitance, Miller 
capacitance, and junction capacitance, which are 
shown in Figure 3.5. 

All the capacitances get charged and discharged 
during the course of the circuits switching. These 
components of power dissipation are dependent on 
the technology used, the oxide thickness of the field 
and gate, and the topology of the individual 
component. 

As mentioned above, any capacitive power 
dissipation is a function of the frequency of operation. 
The internal power dissipation is given by: 


Pi = CrVoc*f 
Vcc is the supply voltage. 


f is the frequency of the system. 
C, is the total internal equivalent capacitance. 


P| is the internal power dissipation due to 
internal capacitance. 
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FIGURE 3.5 = 
PARASITIC INTERNAL CAPACITANCES 


As mentioned earlier in relationship to switching 
current equivalent power dissipation, internal 
Capacitance and switching current components of 





POWER DISSIPATION 


power dissipation are rather difficult to isolate. For all 
further discussion, they will be lumped together and 


represented by Cpp. Note: Cpp could be a function of 


rise time for rise times greater than 100 ns. 


3) EXTERNAL LOAD CAPACITANCE 
TRANSIENT DISSIPATION: 

For the bus drivers and transceivers, external load 
capacitance is usually the biggest component of power 
dissipation in the system environment. The 
interconnect or bus lines present capacitance, and the 
various other devices present on the line also 
contribute their respective input or output capacitance. 

Stray capacitance due to coupling and other factors 
is also present. All of these capacitors need to be 
charged and discharged during the normal course of 
signal switching. The power dissipation as a result of 
charging and discharging this external load capacitance 
can be evaluated by: 


PL = Voc?*(CL4*fy + CLarfe + CLg*fg +... Cif) 


Cin are the various loads on the respective 


outputs. 
fp are the respective switching frequencies for 


each output. 
Vcc is the supply voltage. 


P;_ is the power dissipation due to the load. 


As is apparent from the above equation, 
determination of the load on each output pin and its 
frequency of operation has to be taken into account to 
calculate the total power dissipation of an IC. The total 
power dissipation, internal and external, will dictate the 
need for power supply bussing, decoupling capacitors, 
etc. An example of this calculation is presented below: 

EXAMPLE: A V74ACT245 transceiver is used to 
drive an eight-bit data bus, as shown in Figure 3.6. The 
intrinsic capacitance of the bus is 18 pF/ft. The bus 
is10" long and has six other transceivers connected to 


Transceiver 


Control 


EIGURE 3.6 TRANSCEIVER DRIVING A BUS 
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it. Calculate the typical power dissipation of a driver IC 


Capacitance of the bus (10" long) = (10/12)*18 pF = 
15 pF 

So, the Load Capacitance C; = 15 pF + 60 pF = 75 
pF 

Cpp, the typical power dissipation capacitance, = 35 


) - driving this bus at a 1 MHz switching rate. 
= From the spec sheet for 245s the typical output 
45 capacitance of each output = 10 pF. 
= z Total capacitance on the bus = (no. of : 
re iS | drivers)*(capacitance of each driver) - - -ALS240- - 
eam = = (6)-(10 pF) 

a. 

a. 

< 








pF ; 
Assuming a 1 MHz switching rate and Voc = 5 V: : ACT240 
P=P, +Pp =Vecf(Cy + Cpp) : 
= 25°1x108-110x10°12 
= 2.75mW 

(Quiescent power Icc Vcc has not been added 
because it is orders of magnitude less than the total 
power dissipation.). 

Since the IC has eight I/O buffers: Total power I 
consumption for the IC = 2.75x1073e8 = 0.022 W ALS & ACT POWER 


In this setup, only one out of seven IC's is DISSIPATION VS. FREQUENCY 
dissipating power. If the bus speed was 10 MHz, the 


total power for this setup will be only 0.22 watts 


0.10 1.00 10.00 100.00 
Frequency in MHz 





maximum. This is a simplistic example that does not SUMMARY | 
consider duty cycle, bus terminations, etc. The actual pa lian sale tO Oooedeoa withthe ALS Lal 
ower would be lower for an nonterminated bus. Ww IDed. 
showed that VTC's ACT family is 10:1 better in total 
A comparison of this setup with an ALS part: power dissipation in a system environment. Input 
loc, output disabled = 63 mA current is improved 1000:1 for comparable 


performances. The current drive capability is also 
improved 2:1. Systems run cooler using VTC's ACT 
family parts, and it is not necessary to use ceramic 
packages to improve cooling. 


Number of ICs disabled = 6 

Total power of the inactive ICs = (6*63 mA)s*5 V = 
378 mAs5 V = 1.890 W 

Power of the active ICs = 60 mA*5 V = 0.300 W 

(Ignoring any increase due to the bus capacitance) 

Total power dissipation = 2.19 W 

Compared to 0.22 W for the V74ACT design, a 
10:1 power advantage. 


COMPARISON OF POWER DISSIPATION 
FOR AN UNLOADED IC 

Total internal capacitance of the 245 is 8°50 pF = 
400 pF. 

Power/f = C*Vo¢2 = 400 pF+(5 V)2 =10 mW/MHz 
or, for a 5V supply, you need 2 mA/MHz. 
Figure 3.7 compares ALS240 and V54/74ACT240. 
The parts were selected at random and the measure - 
ment was made with all outputs switching, 50% duty 
cycle, 5V, and 25°C. Here the ACT240 shows a clear 
power advantage over the ALS parts. 
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INTRODUCTION 

The following text offers the designer the 
V54/74ACT family's expected performance under 
various conditions. 

- What the data sheet specifications imply. 

- The impact on performance due to variations in 
temperature, power supply, external capacitive 
loading, rise/fall times, and setup/hold times. 

The intent is to give sufficient information on the 
expected derating for the specification sheet 
parameters over the desired operating range of the 
components. This will provide ease of component 
application without unnecessary and extensive 
evaluation procedures. 

Effort is made to provide the highest accuracy at the 
time of publication. In time, these curves may not reflect 
the latest quality and performance data. Current 
derating curves should be obtained and used 
whenever possible. These curves are fairly accurate, 
reflect the proper trends to be expected, and should be 
used only to project performance variations under given 
environmental conditions. Methods for determining 
propagation delay in most situations are described 
using examples and illustrations. 


WHAT THE SPECIFICATIONS IMPLY 

The V54/74ACT family is ALS compatible, meets 
TTL input and output requirements, and provides ALS 
performance with CMOS power dissipation. The 
interface logic family is implemented in an advanced 
double metal, poly-silicon CMOS process that gives the 
family slightly different capabilities. 

The specification data sheets are written in a format 
similar to the common TTL formats. The complete 
specifications are written around 0 to 3.5 V waveforms, 
with a 1.5 V measurement point for delay 
measurements. The inputs behave very close to the 
TTL waveform levels and will not cause noticeable 
differences in actual system environments. The 
outputs, specified for the 0 to 3.5 V range, are typically 
capable of rail to rail swings of 0 to Voc. This feature 


provides a very high current drive capability for the 
outputs pulling high. The DC performance 
specifications give a clear idea of this high-drive 
capability. There is no easy way to reflect this in the AC 
performance sheets. 

One consequence of the improved drive in the 2 to 
3 V range is the improved delay numbers for low to 
high. The devices are designed to be symmetric in 
rise/fall times and this gives them improved 
performance compared to the ALS family's low-to-high 
transition. 

On the average, the output drive capability of the 
V54/74ACT family is much higher than the ALS family. 
All V54/74ACT devices have the capability to source 


AC CHARACTERISTICS 
OF THE V54/74 ACT 
INTERFACE FAMILY 


and sink 48 mA under commercial conditions and 32 
mA under military conditions. In the ALS family, special 
parts must be specified to achieve this drive capability. 
This high-drive capability is in line with the intended 
application of the V54/74ACT parts. These parts are 
designed for driving 3-stated buses on boards as well 
as off-board and in back-plane environments. 

All parts in this family - buffers, latches, transceivers, 
and flip-flops - are capable of operating under a harsh 
environment. These parts meet and exceed the mil 
STD883 input protection requirements. They are also 
latch- up immune to 200 mA current pulses. 

The 3-state measurements, along with other delay 
measurements, are made as shown in Figures 4.1A- 
4.1H. The test circuit load is a 50 pF or a 300 pF 
capacitor. The characterization under the 300 pF load is 
to provide data for a typical bus loading environment. 
(Refer to section 2 for further details.) 

All specifications call for rise and fall times of 3 ns. 
To bring out the performance capabilities of the higher 
speed parts, this is an important requirement. The 
delay measurements are specified at 1.5 V points to 
make easier the comparison with the TTL families. The 
rise and fall times are measured at the 10 to 90% level of 
the typical TTL swing in the 0 to 3.5 V range. For tri- 
state measurement, the 500 Q resister is switched to 
ground for the tpy47 measurement, and is switched to 


Vcc for the tp,z measurement. The timing 


measurements measure the time required for outputs 
to go from active levels to 10 or 90% for low to Z or high 
to Zrespectively. This is done to keep in line with the 
TTL world. 

The performance numbers are specified under a 
typical environment of 25°C, 5 V, and presume nominal 
processing parameters. The guaranteed numbers 
reflect the worst-case processing parameters. In reality, 
the devices will normally exceed these performance 
numbers. The guaranteed commercial or military 
numbers take into account the derating in performance 
due to the supply and temperature for the respective 
family. 
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TEMPERATURE, ITS EFFECT 
ON AC PERFORMANCE 

Temperature has an effect on the performance of 
the V54/74ACT family of parts. The performance 
degrades linearly with increasing temperature. In the 
data sheets, the performance is specified for 25°C and 
85°C for commercial, and 125°C for military. The 
specification numbers also contain the effects due to 
other changes, such as supply, load, and process 
variations. The following equation can be used to 
predict the temperature component of the delay : 
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FIGURE 4.1A 3-STATE TEST PARAMETERS S1 (NOTE 2) 
PARAMETER SWITCH 


A-C-T FAMILY 
APPLICATION NOTES 


DEVICE 
UNDER 
TEST 


IGURE 4.1 


TEST CIRCUIT FOR 3-STATE 
OUTPUT TESTS 


NOTE 1: CL_ includes load and test jig capacitance. 
NOTE 2: St= Vcc fortpz_ ,andtp_z measurements. 
$1=Gnd fortpzH , and tpyz measurements. 


tr 


OUTPUT CONTROL 
(LOW ENABLING) 


FIGURE 4.1C 
3-STATE OUTPUT ENABLE AND DISABLE WAVEFORMS 
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INVERTED 
OUTPUT 


FIGURE 4.1D 
PROPAGATION DELAY 


WAVEFORMS 


INVERTED 
OUTPUT 


UTHL 


FIGURE 4.1E 


OUTPUT TRANSITION TIME WAVEFORMS 
( 10-90% of 3.5V ) 
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POSITIVE 90% 
INPUT 
PULSE ey 


10% 


90% 
NEGATIVE 
INPUT 
PULSE 10% 


tf 
EIGURE 4,1F 


INPUT PULSE WIDTH 
WAVEFORMS 


CLOCK INPUT 


POSITIVE 
DATA INPUT 


NEGATIVE 
DATA INPUT 


FIGURE 4.1G 


SETUP AND HOLD TIME WAVEFORMS 
FOR FLIP-FLOPS | 
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90% 
LATCH ENABLE 1.5V 


POSITIVE 
DATA INPUT 


NEGATIVE 
DATA INPUT 


FIGURE 4.1H 


SETUP AND HOLD TIME WAVEFORMS 
FOR LATCHES 


tpp(7) =tk(t)-tpp(25) 


tpp(25) is the propagation delay at 25°C for a 
specified load and supply. 

tx(t) is the propagation delay derating factor 
due to temperature variations, taken from 
Figure 4.2. 

tpp(T) is the propagation delay at temperature 
T. 


Figure 4.2 shows plots of the propagation delay 
derating factor due to temperature over the specified 
temperature range for buffers, transceivers, latches, 
and flip-flops. The normalized value is the typical 
number for each family. To determine delay for a buffer 
at 85°C, locate the value on the buffer curve, which is 
1.3. Thus the buffer delay has increased from tpp to 


1.3tpp. 


POWER SUPPLY, ITS EFFECT 
ON AC PERFORMANCE 

Figure 4.3 shows the propagation delay derating 
due to power supply variations over the specified 
supply range of 4.5 to 5.5 V. The CMOS family is 
capable of operating in this range with small degradation 
in performance. It is important to remember that power 
supply variation not only affects the performance 
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values, but the drive capability. The specification data 
sheets present conservative drive current numbers. 
Power supply bussing should be given proper 
attention. Otherwise, under AC conditions, the power 
supply on the board may fall outside the operating 
range, resulting in timing or logic errors. 
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IGURE 4 
NORMALIZED PROPAGATION DELAY 
VS. TEMPERATURE AT 50 pF, 5V 
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FIGURE 4.3 
NORMALIZED PROPAGATION DELAY 
VS. SUPPLY VOLTAGE AT 50 pF, 25°C 





To calculate the expected propagation delay at a 
voltage V, use the following equation: 


tpp(V) = ty(V)[tpp(5V)] 


tpp(5V) is the propagation delay with a 5 V 


supply for a specified temperature and load. 
ty(V) is the propagation delay derating factor 


due to power supply variations, taken from 
Figure 4.3. 
tpp(V) is the propagation delay for Voc = V. 


Note: The curve is drawn over a 4 to 6 volt range. The 
performance numbers are only guaranteed for the 4.5 
to 5.5 V range. Under typical conditions the device will 
operate below this range, but the performance 
numbers are not guaranteed. 


CAPACITIVE LOAD, ITS EFFECT 
ON AC PERFORMANCE 

The V54/74ACT family of interface drivers is 
designed to drive large loads encountered in system 
buses. For performance evaluation purposes, the load 
seen by each driver is the sum of the input capacitances 
due to fan-out, the 3-state output capacitance of other 
transceivers connected to the bus line, and the intrinsic 
wiring capacitance of the line itself. The delay is directly 
proportional to the load driven. Figure 4.4 shows the 
delay variation, under nominal conditions, for buffers, 
latches, flip-flops, and transceivers. 
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FIGURE 4.4 
PROPAGATION DELAY 
VS. LOAD CAPACITANCE AT 5V, 25°C 
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Figure 4.5 shows plots of the normalized delay 
variation constant for the V54/74ACT interface family. 
There is only one curve required for this, because all 
family devices have identical driver circuitry. This gives 
the same variation for various loads throughout the 
family. The delay at any load capacitance C;_ is 


evaluated by using the following equation : 
tpp(OL) = tc(C)-tpp(50) 


tpp(50) is the delay at 50pF for a specified 
temperature and supply. 

tc(C) is the propagation delay derating factor 
due to load capacitance, taken from Figure 
4.5 


tpp(C_) is the propagation delay for a load C,. 


COMPOSITE CALCULATION 

Let us consider an example by evaluating the delay 
expected at 75°C, 4.8 V, and 250 pF for a 240 type line 
driver. This value can be obtained by evaluating the 
three derating coefficients at the above values, and 
then multiplying the results by the delay at 5V, 25°C, 
and 50pF. 


From Figure 4.2, find the propagation delay 
derating factor due to temperature: tx(75°C) = 1.38 


From Figure 4.3, find the propagation delay 
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FIGURE 4.5 
NORMALIZED PROPAGATION DELAY 
VS. LOAD CAPACITANCE AT 5V, 25°C 
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derating factor due to power supply variation: ty(4.8 V) 
= 1.05 


From Figure 4.5, find the propagation delay 
derating factor due to load variation: tc(250 pF) = 1.54 


Then (equation 4.1): 


tpp (@ 4.5 V, 75°C, 250pF) 
= tk*ty*tc*tpp (@ 5.0 V, 25°C, 50 pF) 
= 2.23*tpp(@ 5.0V, 25°C, 50 pF) 


Thus, the effect of any parameter on the delay can 
be evaluated either independently or in any 
combination by using equation 4.1. 


SETUP/HOLD TIME AND 
PULSE WIDTH VARIATIONS 

Setup time, hold time and pulse width are 
parameters that reflect the internal delay of the device. 
These parameters will follow the same trends, with 
similar coefficients of variation with respect to power 
supply and temperature, as the external numbers. An 
exact evaluation can be made for these parameters 
using the procedure outlined in the preceding 
sections. 


OUTPUT RISE AND FALL TIME 
Figure 4.6 shows a plot of the variation of 
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FIGURE 4.6 
OUTPUT RISE/FALL TIME 
VS. OUTPUT LOAD CAPACITANCE 
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normalized output rise and fall time with load 
capacitance. The propagation delay factor due to 
output capacitance will not work for calculating output 
rise and fall times. This is bacause the propagation 
delay measurements only require the outputs to reach 
the 1.5V point, while the rise and fall measurements 
require the output to travel between 0.35V and 3.15V. 
To calculate output rise and fall times, equation 4.1 
may still be used. In place of tpp, use tr ortr. The 


variation with temperature and supply will be the same 
as for propagation delay measurements, so the only 
other change required is the substitution of tc, the rise 


and fall time derating factor due to load capacitance, 
from Figure 4.6, for the tc in equation 4.1. 


INPUT RISE AND FALL TIME 

Another item of concern is input rise and fall time. 
The V54/74ACT family is designed for use in high- 
performance systems with fast rise/fall times. 

If the rise/fall times are too slow, two important 
events occur. First, power dissipation increases if the 
device is in the intermediate stage for an increased 
period of time, rise/fall time > 50ns. Second, if the 
rise/fall time is extended for an unusually long period of 
time, over 100 ns, the likelihood of oscillations due to 
noise riding on the inputs can cause problems. 

Latches and flip-flops are especially vulnerable to 
this situation. These devices are likely to go into a meta- 
stable state from which data integrity is lost. A few 
micro-seconds will be required for the device to come 
out of this state. 

So, if a long rise/fall time is present at some stage in 
the system, it should be filtered out by using Schmitt 
triggers or other types of input hysteresis with a dead 
zone in the 0.8 to 2.0 volt range. 


COMPARISON TO OTHER FAMILIES 

The V54/74ACT family is designed to be 
compatible with the ALS logic family, but subtle 
differences exist between the two families. 

Temperature variation is the major difference. 
Although the maximum delays are identical for both 
families, the effect of temperature is different when 
considering typical performance numbers. It is 
imperative the designer understand the environment of 
operation and use the derating coefficients to predict 
the exact values when higher accuracy is desired. 

Tables 4.1 through 4.4 compare the V54/74ACT 
family with other TTL and CMOS bgic families. They 
can be used as a reference guide for the selection of 
the appropriate devices. For greater details about the 
comparison, refer to section 8 on performance 
comparison. , 
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TABLE 4.1: COMPARISON TO OTHER STANDARD PRODUCT FAMILIES 


Part Type: 244 Octal Buffer and Line Driver with Three-State Outputs 
V54/74ACT 
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Prop. Delay 
Ato Y 






tpZH 
Output enable 
time 

Enable to Y 


1 
Guaranteed [ 85°C, 4.5V,C ,; =50pF ] 
Guaranteed [ 125°C, 4.5V, C ~ = 50pF ] 





TABLE 4.2: COMPARISON TO OTHER STANDARD PRODUCT FAMILIES 


Part Type: 245 Octal Bus Transceiver with Three-State Outputs 
V54/74ACT 


Guaranteed 650. 457.01 -50F1 | ay | a 
















Prop. Delay 
AtoB/BtoA 













tpZH 


Prop. Delay 
Output Enable 
to A/B 


Typical [ 25°C, 5V,C, =50pF] 
Guaranteed [ 85°C, 4.5V, C | = S0pF ] 
Guaranteed [ 125°C, 4.5V,C | =50pF] | 
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AC CHARACTERISTICS 


TABLE 4.3: COMPARISON TO OTHER STANDARD PRODUCT FAMILIES 
Part Type: 373 Octal Transparent Latch with Three-State Outputs 7 


V54/74ACT 
ei Typical [ 25°C, 5V,C, = 50pF] 






















Guaranteed [ 85°C, 4.5V,C, =50pF ] 


Guaranteed [ 125°C, 4.5V,C, =50pF] 


Twieattasc.sv.cy =soer] | || os |g |e 





Prop. Delay 
DtoQ 





ItPLH 
Latch enable 
time 

Enable to Q 


Guaranteed [ 85°C, 4.5V,C ; =50pF ] 
Guaranteed [ 125°C, 4.5V,C, =50pF ] 





TABLE 4.4: COMPARISON TO OTHER STANDARD PRODUCT FAMILIES 


Part Type: 374 D-Type Edge-Triggered Flip-Flop with Three-State Outputs 
Guaranteed [ 125°C, 4.5V, C , = S0pF | 


Guaranteed [ 125°C, 4.5V, C | =50pF] — 


























Prop. Delay 
CLK to Q 


'PZH 
Prop. Delay 


Output Enable 
to Q 
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CONCLUSION 

Effort has been made to bring out the impact of 
environmental parameters - such as temperature, power 
supply, and loading - on the AC performance of this 
new family of logic devices. This information will give 
the designer a good feel for the performance potential 
of the high-speed V54/74ACT parts, and will equip him 
to utilize their full potential. 


AC CHARACTERISTICS 
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INTRODUCTION 
This section covers the basics of the V54/74ACT 
family's DC characteristics, and compares these to the 
other logic families. The topics covered in detail are: 
- Data sheet specifications. 
- Input characteristics: voltage levels, currents, and 
Capacitive loading. 
- Output characteristics: voltage levels, currents, 
and capacitive loading. 
- Power supply voltage and quiescent currents. 


DATA SHEET SPECIFICATIONS 

The V54/74ACT family is a TTL-compatible logic 
interface family of 3-state drivers and transceivers. The 
main functions fall into four categories: buffers, latches, 
flip-flops, and transceivers. The recommended 
operating conditions and specifications under DC 
conditions are listed in Table 5.1. 

The key feature of this family, as stressed in this 
specification sheet, is the nearly symmetrical current 
source/sink capacity. This logic family will have the 
same current drive capability across the complete set. 
Under guaranteed conditions, the devices are specified 
with a DC drive capability of 48 mA for commercial and 
32 mA for military operating ranges. 

A second feature unique to this family of parts is the 
DC current and loading at the inputs. The devices 
present capacitive loads at their inputs, with very low 
leakage currents in the A range. 

The third feature of interest is the very low 
quiescent currents under DC conditions. Compared to 
their TTL counterparts, this family has a much lower 
power dissipation. Typical power dissipation for these 
parts is 10 pW. 


INPUT CHARACTERISTICS: 
VOLTAGE LEVELS, NOISE IMMUNITY, 
CURRENTS, AND CAPACITIVE LOADING 

A rudimentary CMOS input detector is a simple two 
transistor inverter. In order to detect TTL levels of Vizy = 
2.0V and Vi, = 0.8V, the ratios of the N and P 
transistors must be changed in such a way as to shift the 
inverter's switching point (Vsp) from the normal Vcp = 
2.5V (1/2 Voc) down to the TTL level of Vop = 1.4V 
(1/2[Viy + Vi_]). With the switching point at 1.4V, the 
noise margin for a logical 1 (NM1) will equal the noise 
margin for a logical 0 (NMO), both being 0.6V. Thus, the 
equation Viy - Vip = NM1 + NMO holds, even if the 
switching point should deviate from 1.4V. Figure 5.1A 
shows a graphic representation of the TTL noise 
margins. 

A major problem of using a simple CMOS inverter to 
detect TTL input levels is that the circuitry will have poor 


DC CHARACTERISTICS 
OF THE V54/74 ACT 
INTERFACE FAMILY 


drive capabilities and will draw a large amount of 
quiescent current (I¢c) when the input is held at Vj = 


2.0V. With the input at 2.0V, the Ves of the P channel 
transistor is 3.0V and the Vas of the N channel is 2.0V, 


both well above normal threshold voltages; thus, both 
transistors are conducting. To keep this current low, 
the sizes of the two transistors must be kept small, but 
this further reduces the drive capability of the input 
detector. 

The input detector VTC uses on interface parts 
consists of six trangistors. Two have their gates 
controlled by the input signal, and four are used to 
control both the Vass and the current flow. Using such 


a network allows these parts to draw a much smaller 
quiescent current (I¢¢) when the input is held at Vj = 


2.0V. This in turn allows VTC to build input detectors 
using larger transistors that have greater drive 
capabilities while still maintaining very low quiescent 
supply currents. 

Another advantage of the input detectors used by 
VTC is the improved noise margins for both the logical 
one and the logical zero. With both NM1 and NMO 
being larger than a simple inverter, we have been able 
to achieve: Vip - Vip < NM1+NMO. This is possible 


because our input detector also includes a bit of 
inherent hysteresis. In fact, we have not one, but two 
switching points for our input detectors. These are 
known as the maximum positive going threshold 


voltage (V7*), applicable when going from a 0 to a 1, 
and the minimum negative going threshold voltage 
(V7"), which applies when going from a 1 to a 0. 


Thus, NM1 is now Viv - V7t, while NMO = VIL -VT. 
The hysteresis voltage (V}) is defined by Vjy = Vy7* - 


Vy. For the V54/74ACT family, Vj is around 0.4V, and 


both noise margins have approximately an additional 
0.2V margin (about a 33% increase) compared to TTL. 
Figure 5.1B shows a graphic representation of the 
V54/74ACT noise margins. 

Figure 5.2 shows the transfer function of the 
V54/74ACT family over its temperature range. In 
Figures 5.3A-5.3C, the high-to-low transfer function is 
compared to the LS-TTL and ALS-TTL families. From 
these curves, it can be concluded that, compared to the 
others, the transfer curves stay fairly constant for the 
V54/74ACT family. The ALS and LS families show the 
greatest variation over temperature, and the switching 
curves vary with a change in supply voltage. For 
V54/74ACT, the established crossover point tracks 
linearly with supply variation. For example, a switch at 
1.5 V, for Voc = 5 V, gives a switching voltage of 
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DC CHARACTERISTICS 


TABLE 5.1: RECOMMENDED OPERATING CONDITIONS 


VALUE 
SYMBOL PARAMETER 
Mil j 


Supply Voltage 
| TA Operating Free-Air Temp 


3 


- 
= 
<q 
Le 
cs 
rd 
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APPLICATION NOTES 


| 500 | 500 


Vcc+0.5 | Vcc+0.5 V 


Ta 
2.0 


SYMBOL PARAMETER 





5 
NO 
O1 
: 
O1 














= 
-55° to 125°C -40° to 85° C UNITS 


Guar. 











y, Minimum High Level y 
IH Input Voltage 
Vy Maximum Low Level 
IL Input Voltage V 
: Saeenece. ee . CO 
OH | output Voltage Vin =Wy or Vy, (2eA | | 4a | 4 | 
jaama | | 24 | of 26 | Vv 
Hoot | EE 
Vo. | Maximum Low Level Vec=4.5V 2A | ft on | CUT ot | 
Oupenveliade Vin=Viw or Vir [gama | | os | | o4 | Vv 
Maximum Input Vcec=5.5V - 
L Leakage Current Vin =Vec or Gnd +1.0 +1.0 LL 
ee ee ee ee ee 
ViK Input Clamp Voltage Vec=4.5V tama | | 12 | | 2 | vv 
ama |_| Vec+1.2 Poo Vec+1.2 
Maximum Vcc=5.5V | 
loz Output Leakage VouT =Vcc or Gnd 
Current All Outputs Disabled oa (ede Se 
Vec=5.5V 
, , Vin =Voe or Gnd 10.0 | 160.0 | 10.0 | 120.0] pA 
Ioc ell as #All Outputs Disabled ee ee oe ee 
peck “Vin=2ov to 115 | 05 | 1.0 | mA | 
“Vins0-8V00 5 | 15 | 05 [1.0 | mA | 





“Worst case leakage current at the TTL input receivers. One input only, all others tied to ground. 
#Outputs floating, except for transceivers which must have outputs tied to Vcc or ground. 
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1.5/5 = 0.3 Voc. Thus, the switching curves will vary in 


the range of (4.5)*(0.3) through (5.5)*(0.3), or 1.35 V 
through 1.65 V. 


SLELLLLS f CLLLLLLL YS, 
7 LOGIC ONES” 7 LOGIC ONES” 


~ LOGIC ZEROS* ‘LOGIC ZEROS * 
RANA MARRS 


(A) TTL (B) V54/74ACT 


FIGUR 1 
NOISE MARGINS BASED ON 
THRESHOLD VOLTAGES 


Vin in volts 


LOW-TO-HIGH AND HIGH-TO -LOW 
TRANSFER FUNCTIONS FOR V54/74ACT 
OVER TEMPERATURE WITH Vcc = 5.0V 


DC CHARACTERISTICS 


2 
Vin in volts 


l A 


HIGH-TO-LOW TRANSFER FUNCTION 
COMPARISON AT -55°C, Vcc = 5.0V 


2 
Vin in volts 


FIGURE 5.3B 
HIGH-TO-LOW TRANSFER FUNCTION 
COMPARISON AT 25°C, Vcc = 5.0V 
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DC CHARACTERISTICS 






Vin in voits 






HIGH-TO-LOW TRANSFER FUNCTION 
COMPARISON AT 125°C, Vcc = 5.0V 


Input currents for the V54/74ACT result from 
junction leakage in the input protection circuitry. The 
typical values, under nominal conditions, are in the 
nano-ampere range. This current varies exponentially 
over temperature, rising to no more than 100s of nA at 
125°C ambient temperature. The DC specification lists 
the worst-case specification for the V54/74ACT parts. 

The low leakage currents allow the V54/74ACT 
parts to have a very high fan-out compared with the ALS 
or LS parts. Each input has some capacitance 
associated with it due to package type, leadframe, and 
the input circuitry. This capacitance is typically 3 to 5 pF 
for the V54/74ACT parts. 


TABLE 5.2 | 

INPUT CURRENT REQUIREMENTS 
Input Current Input Current 
Low | High Vy 











This type of capacitive loading is also present in the 
TTL parts, along with additional resistive loading. The 
resistive loading causes the TTL families to require 
significant input currents. Table 5.2 lists the input 
current requirements for the various families. 


INPUT PROTECTION 
The input circuitry of the V54/74ACT family has 
been designed with clamping diodes to Vcc and 


ground. The characteristics of the clamping diode to 
ground are shown in Figure 5.4. The characteristics of 
the other clamping diode are similar, but around Voc 


instead of ground. 

One of the reasons for the clamping diode is to limit 
undershoot (or overshoot) at the end of a signal line 
following a low-to-high transition. For example, an 
output signal change from 3.5V to 0.5V into a 100Q line 
propagates to the end of the line accompanied by a 
30mA current change. If the line is terminated in a high 
impedance, such as a CMOS gate input, the 3V signal 
change doubles, driving the terminal voltage down to 
-2.5V. 

However, the clamping diode on V54/74ACT family 
parts limits the negative excursion to about -0.7V. The 
same high-to-low signal change on a 500 line is 
clamped at about -1.0V. If the transition had been low- 
to-high, a positive excursion above Vcc would take 


place. This excursion would be limited to approximately 
Voc + 0.7V (1009 line) or Voc + 1.0V (509 line). The 


maximum values of the input clamp voltage, Vix, are 
shown in Table 5.1. 


4 = -0.2 0.0 0.2 0.4 0.6 
Vin in volts 


INPUT CLAMPING CHARACTERISTICS 
FOR V54/74ACT FAMILY 





The clamping diodes also function as part of the 
V54/74ACT family's excellent ESD protection circuitry. 
The inputs are designed to meet or exceed MIL-STD 
883B. They will withstand the discharge of a 100 pF 
capacitor, charged to 2000V, and discharged through a 
1.5kQ resistor. Further explanation and an input circuit 
diagram can be found in section 7, ESD and Latch-up. 

The inputs are also designed with proprietary circuit 
techniques to prevent latch-up problems. Effective 
latch-up protection up to 300 mA (typical) at 25°C has 
been demonstrated on these devices. Again, see 
section 7 for further details. 


OUTPUT CHARACTERISTICS 

A standard CMOS output buffer consists of a P- 
channel pullup transistor and an N-channel pulldown 
transistor as shown in Figure 5.5. Each of the two paths 
is controlled by a separate set of gates so that the 
output can be put into a high impedance state. A 
current vs. time plot is shown in Figure 5.6A. Since the 
output drivers are much larger than any other devices in 
the chip, almost all of the current drawn by the chip 
under AC conditions is used for the switching of these 
drivers. This switching current appears as an 
instantaneous spike when the output switches. This 
standard output buffer works for low drive applications 
but is unacceptable for the high drive conditions of 
ACT. 


DATA 
P 
OUT 
N 


ENABLE Ea 


FIGURE 5.5 
STANDARD CMOS OUTPUT BUFFER 





Sudden surges of current through the lead 
inductances of the part cause ground bounce and 
output ringing. VTC has overcome this problem by 
distributing the current spike over time to soften the 
di/dt as shown in Figure 5.6B. This ordinarily will slow 
down the part, but the design used by VTC minimizes 
this delay. VTC's output circuit (patent pending) is 
shown in Figure 5.7. 

The large pull-down transistor in the standard buffer is 
split into two devices separated by a resistor. The 
resistor delays the turn on of the second device so that 
rather than getting one large current spike, there are 
two smaller ones separated in time, their sum being the 
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Output Voltage 


500 mA— ty 
l 
300mA— 


A) Standard Output Buffer Current Waveform 
| 





4ns 
4ns 


B) Distributed Output Buffer Current Waveform 


FIGURE 5.6 
SWITCHING CURRENT WAVEFORMS 








rounded curve shown in Figure 5.6B. The N-channel 
device connected to the gate of the second N-driver 
provides for a fast turn-off, reducing crowbar current 
(current that flows from power to ground when both the 
pull-up and pull-down are on simultaneously during 
switching). 

An N-channel pull-up is used to provide more drive 
than the equivalent sized P-channel, and to limit the 
output Voy due to the threshold drop. This lower Voy 


level speeds up the high-to-low transition since the 
logic transition is reduced. A small P-channel pull-up 
takes over the pull-up detail when the N-channel turns 
off. Since the output voltage has already switched most 
of the way, this P-channel needn't be made as large as 
the single P-channel pull-up in the standard design. 
The inverter needed to give the proper phase to the P- 
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DC CHARACTERISTICS 


ENABLE 


* Pull-Down Circuit _ 
EIGURE 5.7 
VTC's DISTRIBUTED OUTPUT 
BUFFER DESIGN 


channel acts to delay the turn-on, thus distributing the 
Current spike. 

By splitting the drivers, the load on the previous 
stages is reduced, allowing these stages to be made 
smaller. This savings propagates back through the chip 
and winds up eliminating two stages in the overall 
design. Thus, ground bounce and ringing are reduced 
by spreading out the current pulse and slowing down 
the output buffer, plus the resulting reduced load 
allows the previous stages to be faster, keeping the 
overall delay of the part to a minimum. 

The V54/74ACT family has a constant drive 
capability across the entire family of parts. As stated 
earlier, this family has been designed to provide the 
high drive requirements of the bus interface type circuit. 
The parts are capable of Io4 and I¢,_ in the 48 mA and 


higher range. Figure 5.8 illustrates the drive capabilities 
over the entire voltage range for output high and output 
low. These plots illustrate the salient features of the 
V54/74ACT parts. 

The V54/74ACT parts are designed to drive 100 
and 50 ohm lines with high capacitive values. The data 
sheets specify the devices under the worst-case 
temperature and voltage conditions. Under typical 
conditions, the devices are capable of sourcing almost 
1.5 times as much current, as demonstrated in Figure 
5.9. The high current capability allows us to specify the 
devices at 50 and 300 pF capacitive loads. 

The output current and voltage characteristics of a logic 
Circuit determine how well that circuit will switch its 
output when driving capacitive loads and transmission 


Vol in volts 


OUTPUT SINK CURRENT VS. 
OUTPUT LOW VOLTAGE 


2 3 
Voh in volts 


OUTPUT SOURCE CURRENT VS. 
OUTPUT HIGH VOLTAGE 


FIGURE 5.8 OUTPUT CHARACTERISTICS 





lines. The more current available, the faster the load 
can be switched. In order for V54/74ACT to achieve 
ALS performance, the outputs should have 
characteristics comparable to or better than ALS. The 
above discussion and figure illustrated this claim. The 
V54/74ACT family meets and exceeds the drive 
capability of ALS. 


Vout = 0.6V 


20 60 
Temperature in °C 


OUTPUT SINK CURRENT 


-20 
Vee = 5.5V 
: Vcc = 4.5V 


Vout = 2.4V 


-20 20 60 
Temperature in “C 


OUTPUT SOURCE CURRENT 
FIGURE 5.9 
TYPICAL OUTPUT SOURCE AND 
SINK CURRENT VS. TEMPERATURE 





POWER SUPPLY VOLTAGES, QUIESCENT 
CURRENTS, AND TEMPERATURE 

The V54/74ACT family is specified to operate in the 
same power supply range as the standard ALS family. A 
power supply variation of +10% around 5 V nominal is 


DC CHARACTERISTICS 


the common specification. For CMOS technology, 
variations in the power supply influence the switching 
point of the device. The inputs switch at approximately 
0.3 Vcc volts. Thus, as Voc varies from 4.5 to 5.5 


volts, the input switching point varies. The same is true 
of the internal nodes and the output driver. All nodes 
other than the input circuits typically switch at the mid- 
point of the power supply (i.e. 0.5 Vcc). This causes 
the switching point, except for the inputs, to vary in the 
2.25 to 2.75 volt range. 

Power supply variation has a great impact on delay 
and drive currents at the output. To the first order, the 
current through the MOS transistor is given by the 
following equation: 


Ic = B(width/length)[(V@s-VT)Vps-0.5(Vps)*] 
Where: 
Vas Is the gate voltage. 


Vps is the drain voltage. 


B is the device transconductance. 

The equation illustrates the influence of the supply 
voltage on the drive current capability of the CMOS 
parts. Reduced supply voltage will cause the parts to 
slow down because drive will be reduced. Thus, it will 
take longer to charge or discharge external load 
capacitances. 

The quiescent power supply current of the high 
speed V54/74ACT family is shown in Figure 5.10. This 
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Icc in nA 
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0.100 
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FIGURE 5.10 
TYPICAL QUIESCENT SUPPLY 
CURRENT VS. TEMPERATURE 
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TABLE 5.3: ABSOLUTE MAXIMUM RATINGS! 
Supply Voltage, VCC -0.5V to +7.0V 
Input Voltage 7.0V 


Off-State Output Voltage 7.0V 
Operating Free-Air Temperature 

Military Temp -55°C to 125°C 
Commercial Temp -40°C to 85°C 



















Storage Temperature Range -85°C to 150°C 


Static Discharge Voltage >2000V 
(per MIL-STD-883 Method 3015.2) 


Note 1: Maximum ratings are those values beyond 
which damage to the device may occur. 
plot shows the variation of the quiescent current with 


temperature. During steady state, no direct path exists 
between Vcc and ground. The quiescent current is 


therefore due to leakage current in the reverse-biased 
junctions of the various transistors. Because it is 
leakage current, it varies exponentially with 
temperature. 

The V54/74ACT family has a large amount of area in 
reverse-biased junctions. This is required for the high 
drive abilities of this interface family. The high diode 
area does lead to higher leakage currents, but these are 
still very small, in the nano to microampere range. 


ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings define the limits in which 
the V54/74ACT family can be operated without causing 
device malfunction and possible damage. These limits 
are shown in Table 5.3. 


CONCLUSION 

The V54/74ACT family has superior DC 
characteristics compared to the other interface families. 
This is due to the advanced CMOS process used by 
VTC Incorporated. The V54/74ACT family greatly 
exceeds the drive characteristics of the ALS logic 
family, to which it was designed to be compatible. 





CHARACTERIZATION 
AND SPECIFICATION 


INTRODUCTION lcc is measured by sweeping all inputs from OV to 
This section covers methods of testing V54/74ACT 5 5y while monitoring Ioc¢. Voc=5-5V. All outputs 
logic and describes how to design and use a universal Eoutaioat 
test fixture to characterize our circuits. Sno Uea 

DC ELECTRICAL CHARACTERIZATION 
The recommended operating conditions and 
specifications under DC conditions are listed in Table 
6.1. In establishing these DC electrical characteristics, 
VTC used the following equipment: 
- HP4145A Parameter Analyzer to provide DC stimulus 
and response. 
- Temptronic Thermostream to control thermal 
environment. 
- Universal test fixture, described in this section, to 
make connections. 
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DC electrical tests for the parameters of Table 6.1 are 
described below: 


Vin»Vi_ are measured by sweeping one input from 


OV to 5V while monitoring its corresponding output. 
Vcoc=5.0V and all unused inputs are grounded. Unused 


outputs should float. If parameter analyzer oscillation is 
noticed during this measurement, insert a 0.1uF 
capacitor between the input and ground. 


Vou: VoL are measured by biasing one input to 
Vcc or ground to make the corresponding output high 
for VoH or low for Vo ,_. Output current is then swept 


from 0 to 64mA while monitoring the output voltage. 
Voc=4.5V and all unused inputs are grounded. Unused 


outputs should float. 


I, is measured by sweeping one input from OV to 
5.5V while monitoring current at that input. Voc=5.5V 


and all unused inputs are grounded. All outputs should 
float. 


Vix is measured by sweeping an input from -18mA 
to +18 mA while monitoring the input voltage. Voc=4.5V 


and all unused inputs are grounded. All outputs should 
float. 


loz is measured by sweeping an output from OV to 
5.5V while monitoring current at that output. Voc=5.5V 


and all inputs are grounded. All outputs are 3-state, 
enable off. 
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CHARACTERIZATION AND SPECIFICATION 


TABLE 6.1: RECOMMENDED OPERATING CONDITIONS 

















| Voc |Supply Voltage ss] 45 | 45 | 5.0 | p55 | 55 | VO 
ee 
| ty. tt |inputRiseandFalitime | | 


SYMBOL PARAMETER 


y Minimum High Level 
IH | Input Voltage 
VIL 


Maximum Low Level 
Input Voltage 





Von Minimum High Level Vec=4.5V 
Output Voltage Vin = Min OF Vi 


VoL Maximum Low Level Vec=4.5V 
Output Voltage Vin = MH or Vit 


l Maximum Input Vec=5.5V 
Leakage Current Vin =Vcc or Gnd 
VIK Input Clamp Voltage Vec=4.5V : eee 
18mA | Vec+1.2 


32 
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(ee) 
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loz Output Leakage Vout =Vec or Gnd 10 | +100 
Current All Outputs Disabled 


Vcc=5.5V 
Vin =Vcc or Gnd 
j i 10. 160.0 | 10.0 120.0 
Ioc Maximum Quiescent #All Outputs Disabled 


Supply Curent TWw20v fos | 15 | os 
"iy 20.8 Pos [15 [os 


“Worst case leakage current at the TTL input receivers. One input only, all others tied to ground. 
#Outputs floating, except for transceivers which must have outputs tied to Vcc or ground. 


io) 


It 
ul 
oO 





at ff oh 
oO |o 





AC ELECTRICAL CHARACTERIZATION 

The timing requirements and specifications under 
AC operating conditions are listed in Table 6.2. In 
establishing these AC electrical characteristics, VTC 
used the following equipment: 

- HP8082A pulse generators for AC stimulus. 

- HP54100D digital oscilloscope for AC response. 

- HP54001A oscilloscope probes with 1 GHz 
bandwidth, 1 pF input capacitance, and 1 MQ 
impedance. 

- HP4275A LCR meter. 

- Universal test fixture, described in this section, to 
make connections. 


AC electrical tests for the values of Table 6.2 are 
described below: 


TPLH; TPHL are the propagation delays measured 
between the 1.5V point on the input edge and the 
corresponding 1.5V point on the low-to-high or high-to- 
low output edge, as illustrated in Figure 6.5. They are 
measured with a load of 500Q in parallel with a capacitive 
load of 50 or 300 pF. 


TpZH:; Tpzz are the output enable times 


measured between the 1.5V point on the output control 
(high to low impedance) and the corresponding 1.5V 
point on the active high or active low output, as shown in 
Figure 6.4. They are measured with a capacitive load of 
50 or 300 pF. A resistive load of 500Q is tied to ground 
for TpZy and Vcc for Tpz,. (See Figure 6.3 and Table 


6.3.) 


TpHz; Ipiz are the output disable times 


measured between the 1.5V point on the output control 
(low-to-high impedance) and the Voy - 0.5V or Voy. + 


0.5V point on the corresponding disabled output, as 
shown in Figure 6.4. A capacitive load of 10 or 50 pF is 
tied to ground. A resistive load of 500Q is tied to ground 
for Tpyz and Vcc for Tp_z. (See Figure 6.3 and Table 


6.3.) 


Cin,;CouT are measured at an input or output with 


a Capacitance meter. VTC uses a HP 4275A LCR meter 
set to a 1MHz signal frequency. Voc=5V and all unused 


inputs are grounded. Outputs are disabled. 


Cpp is the power dissipation capacitance. Power 


dissipation = fCppVcc“n, where f is frequency and nis 
the number of buffers. It is measured at 1MHz and Vcc 
= 5V. 


CHARACTERIZATION AND SPECIFICATION 


Tg is the minimum setup time measured between D 


and C or D and CLK, as illustrated in Figures 6.1 and 6.2 
for flip-flops and latches. Measurements start and end at 
the 1.5V points on the appropriate waveforms. A load of 
5000 is used in parallel with 50 or 300 pF to ground. 


Ty is the minimum hold time measured between C 


and D or CLK and D, as illustrated in Figures 6.1 and 6.2 
for flip-flops and latches. Measurements start and end at 
the 1.5V points on the appropriate waveforms. 


Tw is the minimum input signal pulse width 


measured at C or CLK, as shown in Figure 6.7. The 
width is defined as the time between the 1.5V point on 
the leading edge of the pulse and the 1.5V point on the 
trailing edge. 


Fmax is the highest speed at which the circuit can 
toggle. 
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TABLE 6.2: AC ELECTRICAL CHARACTERISTICS 


PARAMETER AND TEST CONDITIONS LOAD 
SYMBOL | Input rise/fall times = 3ns CAP 
All unused inputs = GND 


Bus Driver A to Y 
Propagation Delay 
T Output Low to High Latch D toQ 
iol Latch C toQ 
Measured @ 1.5V = . 
Outputs 500 ohm to GND Flip-Flop CLK to Q 
: Bus Driver A to Y 
Propagation Delay 
T Output High to Low Latch D toQ 
PHL 
Measured @ 1.5V Latch Cio Q 
Outputs 500 ohm to GND Flip-Flop CLK to Q 
3-State Propagation Delay Bus Driver G to Y 
F High Z to Active High 
PZH Measured @ 1.5V ees 
Outputs 500 ohm to GND Flip-Flop OC to Q 
3-State Propagation Delay Bus Driver G to Y 
High Z to Active Low 
Tez Measured @ 1.5V millet lke 
Outputs 500 ohm to Vcc Flip-Flop OC to Q 10/50 


3-State Propagation Delay Bus Driver G to Y 10/50 
Active High to High Z 

Tpyz Latch OC to Q , 10/50 
Measured @ 1.5V 


Outputs 500 ohm to GND Flip-Flop OC to Q 10/50 


3-State Propagation Delay Bus Driver G to Y_ 10/50 
T, Active Low to High Z : 
PLZ Latch OC to Q 
IN 


Measured @ 1.5V 
: Transceiver 50/300 


50/300 
50/300 
50/300 
50/300 


a 
= 
§ 
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50/300 
50/300 
50/300 
50/300 
10/50 
10/50 
10/50 
10/50 
10/50 


DS 


Outputs 500 ohm to Vcc Flip-Flop OC to Q 10/50 
Buffer, Latch, Flip-flop 50/300 
Buffer, Transceiver 50/300 

C Output Capacitance 
oe aces Latch, Flip-flop 50/300 


one Power Dissipation Transceiver 50/300 
Capacitance * (per buffer 
P per punen) Buffer, Latch, Flip-flop 50/300 
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TABLE 6.2 (CONT'D) TIMING REQUIREMENTS: INPUT t,, t¢s< 3 nsec 


PARAMETER AND TEST CONDITIONS 
Input rise/fall times = 3ns 
All unused inputs = GND 


Minimum Setup Time Latch D to C 

Measured @ 1.5V ; 

Outputs 500 ohm to GND Flip-Flop D to CLK 

Minimum Hold Time Latch C to D 

Measured @ 1.5V 

Outputs 500 ohm to GND Flip-Flop CLK toD 
Flip-Flop CLK 


CLOCK INPUT LATCH ENABLE 


POSITIVE POSITIVE 
DATA INPUT DATA INPUT 


NEGATIVE NEGATIVE 
DATA INPUT ; DATA INPUT 


FIGURE 6.1 FIGURE 6.2 
SETUP AND HOLD TIME WAVEFORMS SETUP AND HOLD TIME WAVEFORMS 
FOR FLIP-FLOPS FOR LATCHES 
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TABLE 6. 3-STATE TEST PARAMETERS 
PARAMETER SWITCH 


tPLZ 500 Q 


tr 


S1 (NOTE 2) 







s 
= 
< 
re 
Pg 
2 
= 6 


RL =500 Q 


T C, (NOTE 1) 
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DEVICE 
UNDER 
TEST 









FIGURE 6. 
TEST CIRCUIT FOR 3-STATE 
OUTPUT TESTS 


NOTE 1: CL includes load and test jig capacitance. 
NOTE 2: Si= Vocfort pz_ ,andtp_z measurements. 
$1=Gnd for t pzH , and t pyz Measurements. 









OUTPUT CONTROL 
(LOW ENABLING) 


OUTPUT 


OUTPUT 


FIGURE 6.4 
3-STATE OUTPUT ENABLE AND DISABLE WAVEFORMS 
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POSITIVE 90% 90% 
INPUT 
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INVERTED 
OUTPUT 


FIGURE 6.5 | 
PROPAGATION DELAY 
WAVEFORMS 


INPUT PULSE WIDTH 
WAVEFORMS 





AC TEST JIGS AND SETUPS 

V54/74ACT data sheets describe the waveforms, 
test loads, measurement points, etc. Test jigs, testing 
techniques, and equipment setups are not typically 
90% 90% outlined; however, these items must be carefully 
considered. 

DC evaluation is fairly easy to perform. Care should 
be taken when measuring very low leakage currents so 
that no other parallel leakage paths are present. 

AC device evaluation is more difficult to perform due 
to the high frequencies involved. Output rise and fall 
times are very sharp. The effective sine wave equivalents 
of these edge rates are several hundred MHz. Close 
attention to RF phenomena is required. 

Care must be taken when designing a test jig to 
minimize distortion of both input and output waveforms. 
Inductance, capacitance and characteristic impedance 


ae must be considered. The following items are important 
to proper jig construction. 
t 
re GROUNDING 
FIGUR Improper grounding can be one of the biggest 


contributers to waveform degradation. Ground loops can 
be a major source of distortion when using PC boards. 
The VTC test Jig uses a copper ground plane fastened 
to a 4" diameter aluminum ring. The test socket is 
mounted to the ground plane, with the ground pin 
soldered directly to it. This procedure will provide an 


OUTPUT TRANSITION TIME WAVEFORMS 
( 10-90% of 3.5V ) 
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excellent ground and prevent ground loops. It will also 
provide a clean, low inductance, low resistance ground 
path. 


DECOUPLING CAPACITORS 

Very sharp output rise and fall times can cause high 
instantaneous current spikes on power supply lines. It is 
therefore necessary to filter all DC lines. High quality RF 
Capacitors must be used to decouple the power supply 
lines on the test jig, running directly from the Vcc pin to 


the ground plane. For optimal performance, three 
capacitors with minimum lead length should be used in 
parallel. They are a 1pF dipped tantalum, a 0.1 uF dipped 
tantalum or ceramic, and a 0.002 uF ceramic. 


WIRING 

The next concern is getting the input signal to the 
device and the output signal to the measurement 
system. The most important consideration is to keep 
leads as short as possible to reduce reflections and 
inductance. Wires should be at least 18 guage to keep 
inductance low. All wires should be positioned close to 
the ground plane to maintain a constant impedance over 
the entire length. All leads must be equal in length to 
provide uniform delay. 


JIG DELAY 

The test jig will introduce a certain amount of delay, 
which must be taken into consideration when taking 
measurements. The input signal is sampled at the jig 
input. It takes a finite amount of time for this signal to 
travel to the device pin. This delay cannot be considered 
part of the device propagation delay, and must be 
subtracted. Similarly, as the output travels from the 
device output pin to the test jig output connector, there 
is another finite delay that must be subtracted from the 
measured device propagation delay. 

VTC test jigs typically demonstrate 0.50-0.75ns 
delay times. It should be noted that the frequency 
response of the test jig must be high to prevent jig delay 
from varying with edge rates. Propagation delay of a 
transmission line is related to its characteristic 
impedance. 

lf the characteristic impedance of the jig changes 
over frequency, then delay per unit length will also 
change. Therefore, it is important to know how well the 
jig responds over frequency. Frequency response is 
also affected by the phase and magnitude of the 
impedance. An S-parameter set should be used to 
evaluate jig response. The characteristic impedance of 
the test jig in terms of a transmission line is: 


Zo=Vi/l=V(Lo/Co) 


Zo is in Ohms 

Lo is in Henrys per unit length 

Co is in Farads per unit length. 
Propagation per unit length is expressed as: 


d=V(LoCo) 


d is in nanoseconds 
Lo is in microhenrys per unit length 


Co is in microfarads per unit length. 


Phase and magnitude of the impedance also affect 
frequency response. S-parameter analysis is helpful to 
fully characterize test jigs. 


UNIVERSAL JIG CONSTRUCTION 

VTC test jigs are constructed using a Textool ZIF 
socket mounted in the center of a 4" copper disk. Socket 
pins are connected with 18 guage wire to BNC 
connectors equally spaced on a 4" diameter aluminum 
ring which mounts on the copper disc. Each wire is cut 
equal length and trimmed as short as possible. They are 
dressed close to the copper ground plane to maintain 
constant characteristic impedance. A photo of the test 
jig is shown in Figure 6.8. 


FIGURE 6.8 
VTC TEST FIXTURE 





It is important that the jig has a flat frequency 
response. An S-parameter analysis is helpful to 
optimize the jig design for frequencies needed to test 
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FIGURE 6.9 


TRANSFER CHARACTERISTICS OVER 
FREQUENCY FOR VTC TEST FIXTURE 














TRANSFER CHARACTERISTICS OF THE 


LOAD OVER FREQUENCY 
V54/74ACT devices. VTC test jig characterization results 


are shown in Figure 6.9. Equipment used to 
characterize the VTC test jig included: Tektronix 7L13. CORRELATION 


Many good ATE systems are available today. 
SPECI Analycotiane nr eeeeeyo Oiaienclalor However, it is necessary to correlate ATE data with a fully 
characterized bench test jig. VTC uses the jig described 
ne rey pe ora are specified at 50 and 300 pF in this section for correlation of all VS4/74ACT devices. It 
load capacitance with a 500 ohm load resistance to ee the aaah test bei rad ee 
ground. VTC uses Trompeter TNA2 BNC connectors CiarACKeliStIpS 10l a. Good comelaion witNe dela 
with the total load mounted internally. To make a 50 pF sheets. 


load, one 15pF and two 12pF capacitors are mounted in 
parallel, resulting in a 39pF load. By using three 
capacitors the inductance is reduced and the series 
resonance is raised above 800 MHz. This, along with a 
10pF jig capacitance and 1 pF probe capacitance, yields 
the necessary 50 pF load. A 1/8 watt 500 ohm resistor is 
also mounted internally to provide the required resistive 
load. 

Characterization results showing transfer 
characteristics of the VTC load using one capacitor 
verses three smaller capacitors in parallel is shown in 
Figure 6.10. VTC uses three capacitors in parallel. 


NOTES 


SALON NOILWDINI1ddv 
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INTRODUCTION | 

VTC is dedicated to designing quality and reliability 
into every circuit. Two examples are the development 
of excellent latch-up and electrostatic discharge 
protection circuitry. These circuits have eliminated 
many of the hazards suffered by early CMOS 
technologies. It is useful to understand the latch-up and 
electrostatic discharge phenomena as well as VTC's 
protective circuitry. 

The following explains in detail the effect of latch-up 
and electrostatic discharge phenomena. The 
preventive circuitry and test results achieved on 
V54/74ACT family of parts are also included in this 
section. The test results demonstrate the tolerance 
levels that are designed into the circuits. 


LATCH-UP PHENOMENON 

Latch-up is a parasitic phenomenon that is inherent 
in bulk CMOS technologies. When triggered, latch-up 
Causes a large current to flow from Vcc to ground. This 


large current can cause system errors and possibly 
destroy the chip and other circuitry. 

It is impossible to completely eliminate the 
possibility of latch-up from bulk CMOS. However, it is 
possible to make it extremely difficult for latch-up to 
occur in standard system enviroments. The 
V54/74ACT product family has been designed to be 
latch-up free with normal system design and operating 
conditions. 


DISCRETE SCR FUNCTIONING 

To understand the latch-up phenomenon, it is 
useful to first examine the discrete SCR structure. An 
SCR is a four-layer diode, as shown in figure 7.1A. The 
electrical characteristics are easily understood by 
treating the four-layer diode as two interconnected 
transistors, as shown in figures 7.1B and 7.1C. 

If current started to flow in the base of transistor Qa, 


this transistor would turn on and feed current into the 
base of Qg. This base current would cause Qp to draw 


current from the base of transistor Qa. If the product of 


the two transistors’ gains is greater than 1, this positive 
feedback causes the two transistors to keep each other 
going until they saturate and latch-up the device. With 
both transistors on, a large current will flow from the 
power supply to ground. 

The DC conditions for latch-up can be initiated two 
ways. First, a current can be injected into the base of 
Qa or Qp. After latch-up has started, the injected 


current can be stopped because the positive feedback 
will keep the two transistors conducting. Second, the 
supply voltage can be increased until the reverse 
leakage currents are sufficient to trigger latch-up. 
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FIGURE 7.1 
SCR MODELS 


The AC conditions for latch-up are similar. The 
primary concern is the length of time the base current is 
injected. If the current pulse is very short, there will be 
insufficient time for the positive feedback to initiate 
latch-up. In general, the shorter the duration of the 
current pulse, the larger the magnitude of the current 
pulse needed to trigger latch-up. 


CMOS SCR STRUCTURE 

Although the SCR structures in bulk CMOS are 
similar to the discrete SCR, there are some important 
differences. A cross section of a CMOS inverter-like 
structure is shown in figure 7.2A along with the 
schematic of the corresponding parasitic elements. 
This SCR structure exists not only with the MOS 
transistors, but also with the input protect resistors and 
diodes. The schematic is very simplified. For accurate 
analysis, the transistors and resistors should be treated 
as distributed elements. For understanding the 
phenomenon and its solutions, the simplified schematic 
of figure 7.2B is sufficient. 
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CMOS SCR STRUCTURE 


The latch-up mechanism in the CMOS structure is 
similar to the discrete SCR structure. If current is flowing 
in the base of one of the transistors, that transistor will 
turn on and provide the base drive for the other 
transistor. If the gain product is greater than one, the 
positive feedback will keep the part latched-up. 

There are two important differences that affect the 
CMOS SCR structure. The additional emitters on the 
two transistors, labeled E1 and E2 on the schematic, 
provide an additional mechanism to initiate latch-up. If 
the emitter E1 of Qa is raised above Vcc by one diode 


drop, or the emitter E2 of Qp is dropped below Vg by 





one diode drop, the emitter base junction is forward 
biased. This allows a current to flow, which initiates the 
latch-up phenomenon. 

The second difference is that the CMOS SCR 
structure contains two additional resistors Ra and Rp. 


The effect of these two resistors is to draw current away 
from the bases of the transistors. This effectively lowers 
the apparent gain of the two transistors and thus makes 
it harder to latch-up. If the resistances are low, a very 
large current must flow through both of the resistors to 
cause the base emitter junctions to forward bias and 
permit latch-up. 

Considering the CMOS SCR as a part of a complete 
chip, there are three ways to trigger the latch-up. 


1. Radiation induced latch-up. 

A heavy ion going through a piece of silicon can 
generate a large amount of stray charge. This charge 
may be large enough to provide the base current 
necessary to initiate latch-up. In heavy radiation 
environments, special precautions and design 
strategies must be used. For most commercial 
environments, however, radiation that can cause latch- 
up will rarely exist. 


2. Internally induced latch-up. 

In very high speed circuits, the fast transitions of 
internal signals can cause voltage spikes and current 
injection. The voltage spikes can be due to signal 
bouncing from interconnect inductances. Charge can 
be injected into the substrate and wells due to 
depletion region movements. With the use of many 
precautions in design and process, as discussed later, 
the V54/74ACT part family does not latch-up due to 
internally induced circumstances. 


3. Externally induced latch-up. 

The primary concern to system designers is the 
externally induced latch-up. Each of the inputs and 
outputs on a CMOS circuit are eventually connected to 
diffusion regions. On the inputs, these are the 
clamping diodes and the input protection circuitry. On 
the outputs, these are the drains of the output 
transistors. These diffusions act as additional emitters 
E1 and E2, as shown on the schematic in figure 7.2B. 

If any of these connections are brought outside the 
voltage rails, the base emitter junctions may become 
forward biased and start latch-up. Because of the 
precautions taken with the V54/74ACT family of parts, 
such a large current is needed that most systems are 
not capable of causing the parts to latch-up. 

Because this is generally limited by current supply 
capability rather than voltage, the sensitivity to latch-up 
is generally characterized in terms of currents that must 
be injected into a pin to cause latch-up. 





LATCH-UP PREVENTION 

Latch-up protection and avoidance is a complex 
process. To insure that the V54/74ACT family of parts 
are sufficiently latch-up resistant for easy use, VTC 
undertook an extensive analysis of latch-up prevention 
design techniques. Because many of the means of 
reducing latch-up, if used alone, would degrade circuit 
performance, a multifaceted approach was needed to 
eliminate latch-up while maintaining the high 
performance of VIC CMOS circuits. The result of this 
program was a five point latch-up protection program. 


1. CMOS processing. 

When creating a discrete SCR, the doping of the 
junctions can be optimized to enhance latch-up 
operation. Similarly, the doping can be adjusted to 
impede latch-up. VTC has adjusted the CMOS process 
to minimize latch-up while maintaining high circuit 
performance. 


2. Layout rules. 

The gain of the lateral NPN transistor is affected by 
the length of the base region. Reducing the gain of 
parasitic transistors will reduce the feedback and thus 
make it more difficult to trigger latch-up. VIC used this 
concept to set up design rules that lowered the gain of 
this transistor while maintaining small die size to reduce 
cost. 


3. Clamping diodes. 

On all inputs and outputs there exist diodes to both 
supply rails. These diodes clamp the voltages to within 
one diode drop of the supply rails and draw off the 
current that could otherwise lead to latch-up. This 
greatly increases the amount of current needed to 
cause the part to latch-up. The diodes will also clip 
signal levels to help protect other parts from latch-up. 
The use of clamping diodes enhance the latch-up 
tolerance of VTC devices. 


4. Guardbanding. 
Guardbands are highly doped diffusions that 


connect either the bulk or well to one of the supply rails. 


The guardbands provide the connection from the base 
of the transistors to the supply lines and are 
represented by the resistors Ra and Rp in the 


schematic. Extensive use of the guardbands lowers 
the effective resistance of the two resistors. Extensive 
guardbanding is used in VTC's CMOS designs. This 
increases the amount of current necessary to trigger 
latch-up. 
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5. Power supply and signal isolation. 

The output drivers can draw large amounts of 
current during switching. This causes signal and supply 
line to bounce. To keep this bouncing from causing 
latch-up problems with the rest of the circuitry, the 
output transistors and their supply lines are isolated 
from the rest of the chip circuitry. 


AWW LV 


These five precautions make the VTC parts 
practically immune to latch-up in most systems. This 
does not mean the user can neglect good system 
design practices. All chips must be supplied with stable 
power supplies. Signal lines should be short and 
terminated to avoid ringing and bounce. 
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TESTING FOR LATCH-UP 
V54/74ACT are latch-up free under the following 
conditions: 


1. The power supply voltage is a 5.5V 
maximum. This is the maximum 
recommended power supply voltage. Lower 
power supply voltages will reduce the latch-up 
susceptibility even further. 


2. The maximum applied voltage to any pin is limited 
to 0.5V beyond either supply rail. 


3. Temperature is limited to 125°C, the maximum 
permitted operating condition. 


Two test circuits are used to measure latch-up 
characteristics. The circuit in figure 7.3A tests for 
positive current injection, the circuit in figure 7.3B is 
used for negative current injection. Except for the 
polarity of the voltages and currents, the tests for the 
two circuits are the same. 

The current injected into a pin is supplied by the DC 
voltage source which is current limited to 400mA. 
Injected current is measured with an ammeter in line 
with the voltage source. The power supply which is 
connected to the circuit is also current limited to 800 
mA. An ammeter is placed in line to measure the supply 
current to determine if the part has latched-up. 

To test an output for latch-up due to positive 
injection, the test circuit in figure 7.3A is used. The 
input pins should be biased to provide a high output 
signal on the pin being tested. The input voltage is 
raised until the maximum input current, or maximum pin 
voltage, is reached. When the power supply current 
suddenly increases and cannot be decreased by 
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removing the input signal, the part is considered to 
have latched up. 


~-« LATCH-UP TEST : POSITIVE 


FIGURE 7.3A CURRENT INJECTION 





To test for negative injection latch-up on an output, 
the circuit in figure 7.3B is used. The inputs are biased 
to give a low voltage output on the pin being tested. 
The test is then the same as for positive injection 
except a negative input pulse voltage is used. 


Fl 


LATCH-UP TEST: NEGATIVE 
CURRENT INJECTION 


Inputs should be tested the same way as outputs. 
Bidirectional pins should be treated as output pins. 

To cause latch-up will require currents and voltages 
that exceed the maximum allowed DC operating 
conditions. Sustained operation under these 
conditions could damage or destroy the part. Care 





should be taken to reduce the currents quickly after 
triggering latch-up. Any part forced to latch-up should 
not be used for production or further characterization. 


TESTING ANALYSIS 

The V54/74ACT parts have been extensively 
tested for latch-up characteristics. They have shown to 
be resistant to latch-up currents of up to 750mA, and 
have typical latch-up currents of 200mA at 125°C. 

The test specifications and procedures define 
worst case latch-up conditions. Operating temperature 
will affect the amount of current necessary to trigger 
latch-up. Temperature affects the resistances and the 
gain of the bipolar transistors. Generally, as 
temperature increases, the amount of current needed 
to induce latch-up is reduced. Figure 7.4 illustrates this 
temperature dependence. 
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FIGURE 7.4 
TYPICAL LATCH-UP CURRENT 
VS. TEMPERATURE 





Figure 7.4 illustrates this temperature dependence. 

The pulse width of the injected current will also 
affect the latch-up susceptibility. For short pulses, a 
much larger current is required to trigger latch-up. This 
is due to the poor frequency response of the SCR 
structure. 


ELECTROSTATIC DISCHARGE PROTECTION 

All MOS devices must have internal protection 
structures to guard against electrostatic discharge 
(ESD) damage to their input or output circuitry. The 
trend toward thinner oxides and smaller geometries has 
tended to increase the vulnerability of VLSI MOS 
circuits to damage from ESD. All V54/74ACT parts have 
protection that will meet MIL-STD-883C's highest 
specification for ESD protection. This specification 
defines these parts: "Category B devices may be ESD 
sensitive to damage in a range above 2000V, but 
normal good practice for the handling of 
semiconductors should suffice. Category B devices are 
preferred for use in military equipment because they 
require no special ESD packaging or handling 
precautions other than normal good practice for 
semiconductor devices." 

VTC's ESD protection circuitry has been designed 
to guard against both current-induced damage and 
voltage-induced damage. The input protection circuit 
(patent pending) for all V54/74ACT parts is 
schematically illustrated in Figure 7.5. To guard against 
high ESD currents vaporizing conductors, no minimum 
metal widths are used as conductors from any bond 
pad. A resistor-diode is connected to the bondpad to 
limit the current and provide an RC delay to slow down 
discharge pulses. This delay provides time for the 
diodes and protection transistors to start conducting. 
Active area resistors (N-type) are used rather than poly - 
silicon resistors because the substrate provides an 
efficient heat sink for the resistors while polysilicon 
resistors are thermally and electrically isolated and 
therefore subject to vaporization. 

When an ESD pulse is transferred from the 
bondpad to the diffusion resistor-diode, large currents 
will flow due to the junction going into avalanche 
breakdown. The bondpad metal to diffusion contact 
area is made very large to handle the high current. The 
large contact will reduce the localized heating, which 
would allow the aluminum to alloy through the junction 
bottom or sidewall. 

The active area surrounding the contact is also 
made very large with rounded corners to reduce the 
electric field intensity and reduce current crowding. A 
Strip of N-well is added under the bondpad metal to 
diffusion contact to extend the junction deeper 
therefore making it harder for the aluminum to alloy into 
the substrate. Polysilicon strips, which contact to the 
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FIGURE 7. 
VTC'S INPUT PROTECTION CIRCUIT 





bondpad metal, are added to help "dope" the metal with 
more silicon to further reduce the chance of alloying by 
reducing the aluminum's affinity for silicon. 

The thick field oxide N-type transistor is made as 
large as possible in order to handle high peak currents. 
After turn-on or punch through, this transistor provides 
additional capacitance and a low-resistance path to 
ground through its source. In normal operation the 
channel of the field transistor does not conduct, so the 
source does not add to the input capacitance and slow 
down normal device operation. In effect, the field 
transistor has the nice property of adding significant 
capacitance only when it is needed for ESD protection. 

A thin oxide N-type transistor to Vss with the gate 


grounded is included to break down any remaining low 
voltage spikes via gate aided avalanche breakdown and 
punch-through to the source diffusion. 

A diode (D4) to Vcc is included to clip any input 


signal which is greater than a diode drop over the 
supply and also to add breakdown protection for 
negative ESD pulses. 

Testing is done according to MIL-STD-883C 
method 3015.2. A schematic of the test setup is 
illustrated in Figure 7.6. The capacitor is charged to 
2000V and then discharged into the pin under test. 
This is repeated five times at five second intervals. This 
test is then repeated with the capacitor charged to 
-2000V. The part is then functionally tested to 
determine whether damage has occurred. 

Testing is done between all of the following pin 
pairs: 

1. Any input to ground. 

2. Any output to ground. 

3. Any input to any output pin. 
4. Vcc to ground. 
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ESD AND LATCH-UP 


800kQ to 3 GQ 


2000V oe , | 


FIGURE 7. 
ESD TEST SETUP 





Extensive testing has shown the V54/74ACT parts 
to have effective ESD protection up to 8000V. VTC will 
not release a design until it can reliably provide at least 
2000V of ESD protection. 

While the input protection provides good 
protection from ESD damage, it is not completely 
immune to ESD damage. Very large static voltage, 4KV 
to 15KV, can be generated by a person using the parts. 
Good handling practices should include: 

1. Storing and transporting parts in anti-static or 

shielded containers. 

2. Appropriately grounding all test and assembly 

benches and equipment. 

3. Having all people who handle parts wear a 

grounded wrist strap. 

4. Connecting low impedance test equipment to 

the inputs only after the part has been powered 


up. 
5. Connecting all unused inputs to Voc or ground. 





INTRODUCTION 

The V54/74ACT family of interface parts provides a 
speed and power advantage unmatched by any logic 
family. This family of interface parts is ideal for the 
highest performance applications. The V54/74ACT is 
fully upward compatible with the 'ALS' characteristics, 
both AC and DC specifications. Power dissipation of 
this family is orders of magnitude less than the 
comparable ALS or LS family of bipolar parts. 

The V54/74ACT family spans the complete 
spectrum of interface parts in widths of octal, 9 bits, and 
10 bits. The following logic functions are provided: 

- Buffers 

- Latches 

- Flip-Flops 

- Transceivers 

The pin-outs are industry standard and are available 
in a variety of popular package styles. For more 
information on package styles, see Ordering and 
Packaging. 

Although the functions and performances of the 
V54/74ACT are the same as the 54/74ALS, some of 
the electrical characteristics differ from the ALS-TTL, S- 
TTL, and AS-TTL. The following sections compare and 
discuss the common abilities and differences as they 
relate to the AC, DC, and power characteristics in the 
context of plug-in replacement of the TTL parts. 


DC PERFORMANCE 

The V54/74ACT logic family is designed to be fully 
TTL-compatible. Table 8.1 gives the detailed DC input 
characteristics of the V54/74ACT family. (Refer to 
section 5, DC Characteristics of the V54/74ACT Family, 
for more detail) 

Figure 8.1 shows the quiescent supply current for 
various input voltage conditions. Note that the current 
peaks at around 1.2V and approaches 0 as Vij 


approaches either 0 or Voc. Therefore, to reduce DC 


power dissipation, the inputs should be located close to 
ground or Vcc. 


A second difference between the TTL world and 
this family of parts is the output drive capability. For an 
output high, the output source capability is that of the 
output pull-up circuitry. Similarly, for an output low, the 
output sink capability is that of the output pull-down 
Circuitry. Figures 8.2 and 8.3 show the I-V 
characteristics of both of these circuits. As can be seen 
from these curves, the output drive for pulling high or 
low Is fairly balanced. At TTL voltages, this logic family is 
capable of sourcing and sinking very high DC currents. 

A third difference is the fan-out capability of this 
family. Typical fanout for the V54/74ACT interface 
family is 4800 gates, 20 times greater than ALS. Since 


COMPARISON OF ACT 
TO LS, S, AND ALS 
FAMILIES 


2 3 
Vin (V) 


FIGURE 8.1 
QUIESCENT SUPPLY CURRENT VS. INPUT 
VOLTAGE FOR V54/74ACT FAMILY 


2 3 
Vol in volts 


FIGURE 8.2 
I-V CHARACTERISTIC FOR 
OUTPUT PULL-DOWN CIRCUITRY 


the V54/74ACT family has CMOS transistors at their 


inputs, they sink very little current under DC conditions. 


This gives these parts the characteristics of almost ideal 
Capacitive loads, having only a small amount of leakage 
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TABLE 8.1: RECOMMENDED OPERATING CONDITIONS 


VALUE 
4.5 | 


ae 
E20 | 
| 05 | 


















Operating Free-Air Temp BR 
Input Rise andFallTime | 
High Level Input Voltage | 2.0 | 
Low Level Input Voltage | 05 


DC ELECTRICAL CHARACTERISTICS: Veo =5V+ 10% 


SYMBOL PARAMETER DITION. eo toh eS el Nis 
eect se 
V Minimum High Level 
lH Input Voltage V 
V Maximum Low Level 
IL Input Voltage V 





















Oe a 

pomuA | 44 || 4 | CV 
feama | | 24 | | 26 | Vv 
Mot} |_| 
2a | tt | | nt | CVC 
Tema | [os [|| 04 |v 
‘aera | [oss | [os |v 


Vec=4.5V 
Vin = Vin. oF Vit 


Minimum High Level 
Output Voltage 






















Voc=4.5V 
VIN = ViHv or ViL 


Maximum Low Level 
Output Voltage 












Vec=5.5V 
Vin =Vcc or Gnd 





Maximum Input 
Leakage Current 






Input Clamp Voltage Vec=4.5V 


Vec=5.5V 
loz Output Leakage Vout =Vec or Gnd 1.0 | +10.0 +5.0 | pA 
Current All Outputs Disabled 
Vec=5.5V 100 cn 
Vin =Vcc or Gnd 10.0 | 160.0 | 10.0 | 120.0 iA 
Maximum Quiescent #A\l Outputs Disabled 












| 
a “Viv=2.0v fos [15 | 05 | 1.0 | ma | 
Vw08V ft os 115 [os | 10 | ma | 





*Worst case leakage current at the TTL input receivers. One input only, all others tied to ground. 
#Outputs floating, except for transceivers which must have outputs tied to Vcc or ground. 
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2 3 
Voh in voits 


FIGURE 8.3 
I-V CHARACTERISTIC FOR 
OUTPUT PULL-UP CIRCUITRY 





current due to the reverse-biased diodes in the input 
protection circuitry. 


AC PERFORMANCE 

The V54/74ACT family has been designed for 
superior performance compared to the 54/74ALS and 
54/74S families. Tables 8.2 through 8.5 compare the 
performance ratings of the V54/74ACT family with other 


logic families in reference to four distinct logic functions: 


buffers, latches, flip-flops, and transceivers. 

Figure 8.4 shows the propagation delay variations 
for different capacitive loads. This clearly illustrates the 
high current drive capability of the V54/74ACT interface 
logic family. The V54/74ACT family has a much better 
drive capability than the ALS family, and is competitive 
with the Schottky family. The V54/74ACT family should 
be able to slip into any socket, in a reasonable situation, 
and perform without system degradation or timing 
problems, and allow an immediate decrease in system 
power. 


PERFORMANCE 

The V54/74ACT parts are specified for ease of use. 
The parts have typical specifications for room 
temperature as well as guaranteed specifications over 
the commercial and military ranges. The parts are 
specified at 50 pF and 300 pF loads for easy use in 
heavy load conditions. Specific performance under a 
given condition can be obtained by using the various 
derating curves for temperature, load, and drive 
currents. 


COMPARISON 





0 50 100 150 200 250 300 
Load Capacitance in pF 







s07*SHQ DT O07 DV 


asad 


0 50 100 150 200 250 300 
Load Capacitance in pF 






PROPAGATION DELAY VS. LOAD 
CAPACITANCE FOR ACT, ALS, LS, AND 
S FAMILIES 


POWER DISSIPATION 

Power dissipation is the most important reason for 
introducing this new family of interface circuits. The 
VT54/74ACT interface family utilizes state of the art 
CMOS technology fabrication with 1.6 micron features. 
The V54/74ACT interface family has the excellent 
power dissipation qualities of CMOS combined with the 
drive capabilities of bipolar. Table 8.6 compares typical 
static power consumption with the LS, ALS, and S-TTL. 
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TABLE 8.2: COMPARISON TO OTHER STANDARD PRODUCT FAMILIES 


Part Type: 244 Octal Buffer and Line Driver with Three-State Outputs 


tpLH Typical [ 25°C, 5V,C , =50pF ] 
Guaranteed [ 85°C, 4.5V, C _ = 50pF ] 


Guaranteed [ 125°C, 4.5V, C , = 50pF ] a 













Prop. Delay 
AtoY 









Typical [ 25°C, 5V,C , =50pF | 
Guaranteed [ 85°C, 4.5V,C ; =50pF ] 
Guaranteed [ 125°C, 4.5V, C _ = 50pF J 





tPZH 
Output enable 
time 

Enable to Y 








TABLE 8.3: COMPARISON TO OTHER STANDARD PRODUCT FAMILIES 


Part Type: 373 Octal Transparent Latch with Three-State Outputs 
als_|_as__| HcT_|vsa/74acT 


Typical [ 25°C, 5V,C, =50pF J PP 
Guaranteed [ 85°C, 4.5V,C, =50pF ] [ek Be 
Guaranteed [ 125°C, 4.5V,C, =50pF] P tide A ee 

















Typical [25°C, 5V,C,; =50pF ] 
Guaranteed [ 85°C, 4.5V, C |. = 50pF J 
Guaranteed [ 125°C, 4.5V,C, =50pF ] 


Latch enable 
time 
Enable to Q 


par | io | ne 
pas | | nw 
Pe ree ee 
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TABLE 8.4: COMPARISON TO OTHER STANDARD PRODUCT FAMILIES 


Part Type: 374 D-Type Edge-Triggered Flip-Flop with Three-State Outputs 
[Parameter__| Conditions ss *| «ALS «| OAS | CCT __|V54/74ACT 


[ovaanesiosc.asnc.-sorl |e |e | |e | m 
fovmaneorvescascc sort as | in |» |e 
Pcarercncr sor | | | | 7 
Let 
; 
















Prop. Delay 
CLK to Q 







tPZH 


Prop. Delay 
Output Enable 
to Q 





ALS 
12 
5 [ns 
Guaranteed [ 85°C, 4.5V, C , = 50pF ] a 
Guaranteed 1250, 48V, 6 1 = 509F| ras eer 





TABLE 8.5: COMPARISON TO OTHER STANDARD PRODUCT FAMILIES 


Part Type: 245 Octal Bus Transceiver with Three-State Outputs 
V54/74ACT 


in Pinetree |e | 
[earnmsiesc.esvo.~aer1 | vw | | a 
[earmsrieroaancn sr | ye | 
See 
casvcx on | a | 
orcas | ag | 












Prop. Delay 
Ato B/BtoA 


Typical [ 25°C, 5V,C ; = 50pF ] 
Guaranteed [ 85°C, 4.5V,C ; = 50pF ] 
Guaranteed [ 125°C, 4.5V, C _ = 50pF ] 





{PZH 


Prop. Delay 
Output Enable 
to A/B 


pos |e 
pions 
pe |e 
po |g 
ps | ns 
poss 
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COMPARISON 


B ‘ 
COMPARISON OF TYPICAL POWER DIS- 


SIPATION FOR A 245 UNDER STATIC LOAD 
V74ACT | 74ALS | 74LS 74HC 
0.125 mw] 65 mW | 130 mw} 500 mW | 0.04 mw 


CMOS power dissipation increases with frequency. 
The power dissipation with frequency can be evaluated 
with the following equation: 


Pp = (Cpp+C_)if)Voc? + IocVec 


Cpp is the power dissipation within the device due 
to internal capacitances and switching currents. 

C,_ is load capacitance. | | 

f is the frequency at which the system is switching. 

Ioc is the quiescent supply current. 

Vcc is the supply voltage. 


Refer to section 3 on power dissipation for a 
detailed comparison using a design example. 

Figure 8.5 shows curves for power dissipation 
versus frequency for an unloaded interface part. The 


‘ ACT240 


0.10 1.00 10.00 
Frequency in MHz 


POWER DISSIPATION VS. FREQUENCY 
FOR AN UNLOADED 240 








LS, S, and ALS curves are essentially flat for lower 
frequencies. In this region, the quiescent currents 
mask out capacitive effects for the bipolar logic family. 
For low power TTL logic, as frequency increases, 
system power will become increasingly dependent on 
capacitive load effects, which are similar to CMOS for 
similar logic swings. Notice that the V54/74ACT parts 
never consume more power than TTL parts. It is 
possible that the V54/74ACT parts will converge with 
bipolar parts at some extremely high frequency, but 
since this frequency would be well above the maximum 
operating frequencies of the V54/74ACT and bipolar 
families it is impossible to measure. Thus, for all practical 
cases, the V54/74ACT family has low power dissipation 
compared to their bipolar counterparts, such as the LS 
and ALS series. 


INPUT VOLTAGE CHARACTERISTICS 

Figures 8.6A-C show the transfer function of the 
240 gate for LS-TTL, ALS-TTL, and V54/74ACT. The 
V54/74ACT has a very sharp transition, typically at 1.4 
V, and this transition point is fairly stable over 
temperature. The bipolar transfer functions are not as 
sharp, and vary over several hundred millivolts with 
temperature. This transfer characteristic improves noise 
immunity for the V54/74ACT family. 


OPERATING TEMPERATURE RANGE 
The operating temperature range and temperature 
effects are different for bipolar logic. The ALS and LS 


ee ee 


oy 
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125°C, L-H 
25°C, L-H: 
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TRANSFER FUNCTION FOR V74ACT240 
GOING LOW-TO-HIGH AND HIGH-TO-LOW 


Vin in volts 


TRANSFER FUNCTION FOR LS240 
GOING HIGH-TO-LOW 





2 
Vin in volts 


TRANSFER FUNCTION FOR 
ALS240 GOING HIGH-TO-LOW 


have a recommended operating range of 0° to 70°C. 
But the V54/74ACT family can operate down to -55°C. 
In fact, as temperature drops, the V54/74ACT family 
improves in performance and the quiescent supply 
Currents are reduced. Figure 8.7 shows the derating of 





COMPARISON 


delay and current driving capability over temperature, of 
ALS and V54/74ACT. 

The curves illustrate the degradation of the 
V54/74ACT family over temperature. This is much 
higher than the bipolar devices and can be an important 
design issue, especially when the machine is turned on 
cold. Care should be exercised to prevent race condi - 
tions from developing at low temperatures. 
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COMPARISON 


CONCLUSION 

The V54/74ACT family of interface parts has the 
best power and performance ratios of any family. They 
are pin compatible with ALS-TTL, LS-TTL, S-TTL, and 
HCT-CMOS. They are the ideal choice for systems that 
demand high performance interface parts. These parts 
are designed to supply the need for improved 
performance over the HCT series while maintaining the 
low power dissipation characteristics of typical CMOS 


parts. 
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GENERAL 
CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS | 
Supply Voltage, VCC -0.5V to +7.0V 


Input Voltage 7.0V 
Off-State Output Voltage 
Operating Free-Air Temperature dll Au ae “59 A fo axe 


Storage Temperature Range -85°C to 150°C 
Static Discharge Voltage (per MIL-STD-883 Method 3015.2 ) >2000V 


ms 
SYMBOL PARAMETER CONDITIONS 95" to 125°C 40" ae ae 


| Typ _| Gar | Typ 
Minimum High Level 


Input Voltage 















Maximum Low Level 
Input Voltage 





Minimum High Level 
Output Voltage 





Maximum Low Level 
Output Voltage 


} 
9 















Maximum Input 
Leakage Current 










Vin =Vcc or Gnd 


Input Clamp Voltage 


18mA : ; 
Maximum Vec=5.5V 
Output Leakage VoutT =Vcc or Gnd +10.0 +5.0 pA 
Current All Outputs Disabled 
Vec=5.5V 
Vin =Vcc or Gnd uA 
Maximum Quiescent # All Outputs Disabled 


Supply Curren vw=20V i) os | 1s] 0s | 12 | ma 
PYw=08v——~idt os f 15] 0s | 12 | ma 


“Worst case leakage current at the TTL input receivers. One input only, all others tied to ground. 
# Outputs floating, except for transceivers which must have outputs tied to Vcc or ground. 


= < = 
= i 
a } | 


8 





Note 1: Maximum ratings are those values beyond which damage to the device may occur. 
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RECOMMENDED OPERATING CONDITIONS 


VALUE 
SYMBOL PARAMETER Max 


. 


Operating Free-Air Temp 40 
nput Rise and Fall Time | 500 | 500 | 
High Level Input Voltage | _2.0 
Low Level Input Voltage | 





WAVEFORM DEFINITIONS 


ABLE 2 3-STATE TEST PARAMETERS 


PARAMETER SWITCH 










+ 






Ri =500 Q 


DEVICE 
UNDER 
TEST 


T Ci (NOTE 1) 


FIGURE 1 
TEST CIRCUIT FOR 3-STATE 
OUTPUT TESTS 


NOTE 1: CL_ includes load and test jig capacitance. 


NOTE 2: S1= Vcc fortpz_ ,andtp_z measurements. 
$1=Gnd fortpzH , and tpyz measurements. 





*Use this for capacitive loads only | 





tr 







OUTPUT CONTROL 
(LOW ENABLING) 










FIGURE 2 
3-STATE OUTPUT ENABLE AND DISABLE WAVEFORMS 





90% 
INVERTED INVERTED 
OUTPUT " OUTPUT 


tTHL 


FIGURE 3 FIGURE 4 
PROPAGATION DELAY OUTPUT TRANSITION TIME WAVEFORMS 
WAVEFORMS ( 10-90% of 3.5V ) 
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SLASHS VLVG 


AMINA 10-7 





tr 


POSITIVE 
INPUT CLOCK INPUT 


PULSE 
10% 


<+—_ ww POSITIVE 
Sox. DATA INPUT 


NEGATIVE 1.5V 
10% 


A-C-T FAMILY 
DATA SHEETS 


NEGATIVE 
DATA INPUT 


FIGURE 6 
INPUT PULSE WIDTH SETUP AND HOLD TIME WAVEFORMS 
WAVEFORMS FOR FLIP-FLOPS 


LATCH ENABLE 


POSITIVE 
DATA INPUT 


NEGATIVE 
DATA INPUT 


FIGURE 7 
SETUP AND HOLD TIME WAVEFORMS 
FOR LATCHES 





DERATING CURVES 



















NG aps cae cis chesnriee ete ofp ea eh asineetioesde actos toce 

or 
r oO 
mp 

N P a. 

or 1 D 

ro 1.5 ie 

mp z | 

a. ea 

| D dy 

1 e 

Zl 

ea 1.0 

dy 





0.5 } 
-60 -40 -20 0 20 40 60 80 100 120 140 
Temperature in °C 














0 50 100 150 200 250 300 
Load Capacitance in pF 


















FIGURE 
NORMALIZED PROPAGATION DELAY 
VERSUS TEMPERATURE AT 50 pF, 5V 


FIGURE 9 
NORMALIZED PROPAGATION DELAY 


VERSUS LOAD CAPACITANCE AT 5V, 25°C 


OO BS SS Ss iS 
<n -DO' DO7rTD 
CON =p S16. a 





9.9 100 150 200 250 300 


Load Capacitance in pF 


4.5 30 
Supply Voltage in Volts 


FIGURE 1 FIGURE 11 
NORMALIZED PROPAGATION DELAY OUTPUT RISE/FALL TIME 


VERSUS SUPPLY VOLTAGE AT 50 pF, 25°C VERSUS OUTPUT LOAD CAPACITANCE 
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V54ACT240 


V74ACT240 


OCTAL BUFFERS AND LINE DRIVERS 
WITH 3-STATE OUTPUTS 


FEATURES: 

“CMOS Replacement for ALS 

* High speed, 5ns Typical 

* TTL Levels, lo_/lon = 48/24 mA Commercial, 

32/24 mA Military 

*Low Input Current, 1A Max | 

*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


CONNECTION DIAGRAMS 


FUNCTIONAL DESCRIPTION: 





| > These are dual 4-bit inverting buffer drivers. G1 and G2 
an are the two separate enable lines. When G is low, the 
<q T buffers are enabled and bus Y gets A values. A high 
K - value of G disables the buffers. 
er> 
45° This octal high performance interface family is designed 
for high capacitance, low impedance load drive. It is DIP and SOIC PLCC and LCC 
compatible with TTL I/O and ALS performance. These (Top View) (Top View) 


features are ideal for bus oriented interface buffering, 
memory drives, and clock or line drives. 






LOGIC SYMBOL 





LOGIC DIAGRAM (POSITIVE LOGIC) 






FUNCTION TABLE 


INPUTS OUTPUTS 
Gi Ai Vi 
H X Z 
L L H 





V54ACT240/V74ACT240 


RECOMMENDED OPERATING CONDITIONS 


VALUE 
SYMBOL PARAMETER UNIT 
rae fase foe 


| Voo__| Supply Votage 45 | ss |v 
Operating 
| Pee ai Gemp rete tT pet spe 
Input 
eal Rise and Fall Time 
pig eve 20 | 2.0 Vect0.5|Vap+0.5|  V 
VIH Input Voltage coth 4 Ycct®. 
Low Level 
Mu | tiirittage fos [os | | [os] os] v 


AC CHARACTERISTICS: Inputt,;,t, < 3 nsec 
Voc =5V410% 


SYMBOL | PARAMETER Min {25°C 25°C 185°C |125°C | UNITS |FIGURE 
Max | Max Max 


ee 

















5 
pa 
> 
2] 
= 
m 
m 
4 
wn 


AMIN L+O°V 













Output 10-90% 


of 0-3.5V 5 


| Input Capacitance 
ene Capacitance 
( Outputs Off ) 
Power Dissipation 
Capacitance” ( per buffer ) 





| 63 

r Del 
[tour | Prop, Delay A 
piove, «= (80 | 3] 5 | 7] 9] 12] me | 3 
[00 [7 7 [ns | 3 
sa LO Al 7 | 9 | 2] mw] ns | 2 
(eee 14 | 16 | ns | 2 
fo Ya ore 
[200 [ 3 7 [20 [ns | 2 
eo | 2] 4 [ns | 2 
Prop. Delay 19 | 15 [ns [2 
Output Disable eo 2 [4 [ns | 2 
18 [ns | 2 
csiarionie 
Time, Any i276 [18 | ns [4 
[ns | 4 | 







1) 


—_— 
NI} Po NO DOE N 


0 


*“Pr=(Cpp +C, ) Veo ‘fn + loo *Voc_. Total power dissipation where n = # of buffers 
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V54ACT241 


V74ACT241 


OCTAL BUFFERS AND LINE DRIVERS 
WITH 3-STATE OUTPUTS 


FEATURES: 
* CMOS Replacement for ALS 
* High speed, 5ns Typical 
* TTL Levels, !o; NqQy =48/24 mA Commercial, 
32/24 mA Military 
*Low Input Current, 1A Max 
*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 

These are dual 4-bit line drivers, with separate enable 
lines. When G is low, the values on bus A are 
transmitted to bus Y. When G is high, the buffers are 
disabled and the two buses are isolated. 


CONNECTION DIAGRAMS 


This octal high performance interface family is designed 
for high capacitance, low impedance load drive. It is 
compatible with TTL 1/O and ALS performance. These 
features are ideal for bus oriented interface buffering, 
memory drives, and clock or line drives. 


A-C-T FAMILY 


2) 
- 
Lu 
Ww 
ma 
72) 
< 
- 
> § 
O 





DIP and SOIC PLCC and LCC 
(Top View) (Top View) 









LOGIC SYMBOL 


LOGIC DIAGRAM (POSITIVE LOGIC) 





FUNCTION TABLE 
INPUTS |OUTPUT} INPUTS | OUTPUT 

Gi 1Ai | (1Yi G2 2Ai | soYi 

H X Z L x Z 

L H H H L L 

L L L H H H 
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V54ACT241/V74ACT241 


RECOMMENDED OPERATING CONDITIONS 

















VALUE 


syMeo. | paraweren [Min [typ [Max __| UNM 
[lesen [a fo | [eo 


Spelanng : 5 ; 
Input 
a Rise and Fall Time 
High Level 
Low Level 











AC CHARACTERISTICS: Inputt,,t, < 3 nsec 













Voc =5V+10% 


i ie : 125°C | UNITS |FIGURE 
Max 


Sn EO 
Prop Doty Paset ete Pa ae eae 

piove, = [80 | 3] 6 | 9] 2] 14] ns [| 3 
[ao | 7{ to | 44 | 17 | 20] ns | 3 

mop bony LS 4{ 6 | of 2] 4 


Output Enable 


ce pe 
Cio [ «6 
Prop. Delay [50 | 4] 8 

ap | Outbut Disable [10 | 4] 6 | 9 
so | 4[ 3 

Seat fare | 

Time, Any 17 


Output 10-90% pe 
uBY %o 50 1 2 


ca Input Capacitance <i 
ane Capacitance 

( Outputs Off ) x 
Power Dissipation 

C p 

'° | Capacitance’ ( per buffer ) 


*Pr=(Cpp +C, ) Véo ‘fn + loc *Vog_, Total power dissipation where n = # of buffers 


oe) 





fo 





G) 









| 
¢?) 


SS 
n 


Go 
© 
8 
‘ 
ok, 
2 
—s 
oO 
a_i | — 
No] O 


” 


eS ee ee ee Oe ee 2 
On; RPO? REM? Qn] oO 


—s 
: 
oS ere 
On] WD] Po 
—_s 
CO 
TO ae) SS = 
Tl Tl Tl 


” 


a 
on 


(oe) — — 
O1 © Qin 


” 


— 
NO 
” 


TC 
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V54ACT244 


V74ACT244 


OCTAL BUFFERS AND LINE DRIVERS 
WITH 3-STATE OUTPUTS 


FEATURES: 
* CMOS Replacement for ALS 
* High speed, 5ns Typical 
* TTL Levels, loL/lon = 48/24 mA Commercial, 
32/24 mA Military 
*Low Input Current, 1A Max 
*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


CONNECTION DIAGRAMS 


FUNCTIONAL DESCRIPTION: 





Zi These are dual 4-bit line drivers, with separate enable 

ma lines. When G is low, the values on bus A are 

= 7) transmitted to bus Y. When G is high, the buffers are 

OF disabled and the two buses are isolated. 

<0 This octal high performance interface family is designed 
for high capacitance, low impedance load drive. It is DIP and SOIC PLCC and LCC 
compatible with TTL I/O and ALS performance. These (Top View) (Top View) 


features are ideal for bus oriented interface buffering, 
memory drives, and clock or line drives. 





LOGIC SYMBOL 





LOGIC DIAGRAM (POSITIVE LOGIC) 





FUNCTION TABLE 


INPUTS OUTPUTS 
Gi Ai Yi 
H X Z 
L L L 
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V54ACT244/V74ACT244 


RECOMMENDED OPERATING CONDITIONS 


| Operating o5 
Free-Air Temp 
Input 
Rise and Fall Time 

















| 


5 
> 
wn) 
= 
m 
rm 
+ 
42) 


High Level 

Input Voltage Nec? 
Low Level 

Input Voltage 


AC CHARACTERISTICS: Inputt,;,t, < 3 nsec 






































os Capacitance 
( Outputs Off ) 
Power Dissipation 
C p 
ce Capacitance" ( per buffer ) - ca Ak a Roa 
* Neate ‘. = 


3 
tPLH Prop. Delay | ons {| 3 
tr peecomte 
ime a 
ns 3 
tPZH Prop. Del ae ee 
ca Bimite acs ae ae 
tex, | to Yaor Yb 50 
pio | 4] 6 | 9 | 12 { 14] ns | 2 | 
Prop.Delay | 50 | 4] 8 | 11 | 13 | 15 | ns | 2 | 
Output Disable [10| 4] 7 | 2 | 12 | 14] ns [2 
| 50 | 4] 8 | it | 13 :| 15 
Output Trans. |_50 | 1] 2 | 3 [| 4{[ 5] ns | 4 
Time, Any 300 | 5] 9 | 13 | 17 | 19 | ns | 4 | 
Output 10-90% 
tossv Tso [at 7 [ef | is [= [4 
oermanee [ef me 
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V54ACT245 


V74ACT245 


OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 


FEATURES: CONNECTION DIAGRAMS 
* CMOS Replacement for ALS 


* High speed, 5ns Typical 
* TTL Levels, lo_oy = 48/24 mA Commercial, 
32/24 mA Military 
*Low Input Current, 1A Max 
*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 


These 8-bit transceivers allow synchronous two way 
communication between data buses A and B. The DIR 
signal controls the direction of data flow. When DIR is 
high, data flows from A to B. When DIR is low, data 
flows from B to A. The G signal enables the buffer. 
These parts are designed to interface with 3-state 
buses and I/O ports. The TTL logic levels are ideal for DIP and SOIC PLCC and LCC 
interfacing with high-capacitance, low impedance (Top View) (Top View) 
loads on both buses A and B. 


A-C-T FAMILY 


cep) 
- 
Lu 
ud 
x 
op) 
ns 
- 
= § 
fo) 





LOGIC DIAGRAM (POSITIVE LOGIC) 


EN1 (BA) 
EN2 (AB) 


at vid +e! 
a2 ee een 
A3 an < 
A eaeenesae| 

AS Ci 
AG aa 3 
a7 CC 
AS Ee teenes a 


FUNCTION TABLE 


DIRECTION 
ENABLE CONTROL OPERATION 
DIR 


B data to A bus 


A data to B bus 


Isolation 
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V54ACT245/V74ACT245 


RECOMMENDED OPERATING CONDITIONS 












VALUE 


SYMBOL PARAMETER Max UNIT 


[Pee ete — petepe 
ct [Boren | [2 |= [| [= 
vn [eee [= fe || peaeseood v 
roe [ieee Los bes | [es | oof 


AC CHARACTERISTICS: Inputt,,t, < 3 nsec 


; Voc =5 Vt 10% 
SYMBOL | PARAMETER in 2 Min |25°C 125°C | UNITS |\FIGURE 
Max 


[tour | Pep. oa ee 
en rs [3 


Ato Bor | 300_| o 

















a 







alé 
© 
of 
—_ 
HE 
— ju 
NO 1 Oo 
—_ | 
| Ol 
= 
adi 
; 


Output 10-90% | 50, zs 
Se can 


a. Input Capacitance 
Output Capacitance 


Power Dissipation 
Capacitance” ( per buffer ) 


—_h, 
G) | 


5 

goo |e | i | is | 19 | 22 [ns | 3 

mon bowy L224 | 7 fs [ta [15 [ns | 2 
Prop. Delay | [300 [5] 9 |] 18] 21 | ns | 2 
Ace (so, 4] 8 | 12) 15 [17] ns | 2 
300 fe | 2 | 17] 21 | 24 | ns | 2 

venom Pte t4{ 7 | 2 | 12 [14 [ns | 2 
Prop. Delay | [50 | 4 |_7 | 40 | 13] 18 | ns | 2 

es yd ee 
[sof 47 | 10] 13 | 15 | ns | 2 

ca Omenee (oe ii.) 6) 41 8) | a 
Time, Any {300 | 5 -a7 [a9 [ns | 4 


ooh 
1e) 







3 


oO 


*“Pr=(Cpp +C, ) Véq ‘f'n + loco *Voc_; Total power dissipation where n = # of buffers 
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V54ACT373 


V74ACT373 


OCTAL D-TYPE TRANSPARENT 
LATCHES WITH 3-STATE OUTPUTS 


FEATURES: 
* CMOS Replacement for ALS 
* High speed, 6ns Typical 
* TTL Levels, loLAoH = 48/24 mA Commercial, 
32/24 mA Military 
| *Low Input Current, 1A Max 
| *Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 


These are 8-bit transparent D-type latches. While latch 
enable C is high, the latch output will follow the data input. 
The data at input D is latched when the enable is taken 
low. 


The OC output-control signal can be used to place all the 
outputs in active or high impedance state. The latch data 


can be changed independent of OC. DIP and SOIC PLCC and LCC 
(Top View) (Top View) 


A-C-T FAMILY 


2) 
e 
Lu 
Ww i 
< 
”) 
q : 
- 
<= 
a) 





These parts have been designed to interface with 
3-state buses and I/O ports or used as storage elements. 
The TTL logic levels are ideal for interfacing with high- 
capacitance, low impedance loads. 


LOGIC SYMBOL LOGIC DIAGRAM (POSITIVE LOGIC) 


Um 


(11) 


(3) 

4 5 

(7) (6) 

8 9 

13 12 

14 ; 15 

17 (16) 

Q7 

(18) (19) O9 


~_ 

oh, 

~~ 
@ 


oc 
Cc 


6 |= 
\/ 
e 

P 

po 


a 


FUNCTION TABLE (EACH LATCH) 


B 
seo 


SPaR: 
whey 


Pee 
: 
algae 


OUTPUT 
Q 
L H H 
L H L 
L L Qo 
H x 2 
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V54ACT373/V74ACT373 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL PARAMETER 
ee a a 


i! 
ee ae Fall Time ae ie 
High Level 
Low Level 
put Voltage oat els 


AC CHARACTERISTICS: INPUT tr ,tf < 3 nsec 





UNIT 


> 
> 
2) 
J. 
mi 
m 
~_ 
” 

































ow RECS 
SYMBOL | PARAMETER in a Min UNITS | FIGURE 
io —_| Mh f ie” | | 
Prop. Delay Tae We a Sa 
Input D to Q ae a a ee a a ee 
EE Ye ae MS VT 7 a ee 
| 50 | 4] 6 | 8 | te] | 4 fons | 3 
Prop. Delay 800 7 foes 1 8 se 
LatchEnable  [~ 50 | 4{[ 6 | 9 | 12 | 14 | ns | 3 | 
PHL C toanyQ fe 800-2) 7] 40 | 75 19 Lae los = 8 
| 50 Ss oe | 10 | 13 { 15 | ns | 2 | 
t 
as a OE 
ype eg ae a) 
PZL y | 300 | 7 | 41 | 18 | 24 | 37 | ns | 2 
Prop. Delay AOE Oe 5B Be AO. 2 ms = 
Ciptewe eee 
toQ 10 3 5 12 2 
tz fee OO fe A Oe NS, 215 2 mst 32 
——— i 
rae a 
ae Dissipation 
Capacitance * (per buffer) 





*Pr=(Cop +C, ) Véo ‘fn + log *Vog_, Total power dissipation where n = # of buffers 





TIMING REQUIREMENTS: INPUT t, , Mes 3 nsec 








SYMBOL | PARAMETER 


ne Ses 
to Latch Enable 

Min Hold Time, Latch 

Enable to Input Q 

Minimum 
ctw |PseWith 


Vin =5V410% 
5 oe 25°C 125°C 
then UNITS FIGURE 


Max 
3 fins | 
ft te 
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V54ACT374 


V74ACT374 


OCTAL D-TYPE EDGE-TRIGGERED 
FLIP-FLOPS WITH 3-STATE OUTPUTS 


FEATURES: 

* CMOS Replacement for ALS 

* High speed, 6ns Typical 

* TTL Levels, lo. /loy = 48/24 mA Commercial, 

32/24 mA Military 

*Low Input Current, 1A Max 

“Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 
These are 8-bit flip-flops which are edge triggered on 
the positive transition of the clock. 


CONNECTION DIAGRAMS 


The OC control signal can be used to place all the out- 
puts in active or high impedance state. Data in flip-flops 
can be changed independent of OC. 


These parts have been designed to interface with DIP and SOIC PLCC and LCC 
3-state buses and I/O ports or used as working regis- (Top View) (Top View) 
ters. The high drive capability, 48mA |! oL/loH , atthe 
TTL logic levels is ideal for interfacing with high-capaci- 
tance, low impedance loads. 











LOGIC SYMBOL LOGIC DIAGRAM (POSITIVE LOGIC) 






OC ae EN 
CLK PC (1) I> 
“pb _VvP-—9 11) 
Q1 
Oa : eA 
po) Bae 3) amie Be 
pe—) Bhan Tee 
pa—S Ban op CL _+_r 
re ee eres to 
ee op c 
a a om Bs 
(18) (19) 5 PN 
D8 aes! Qe op c 
ERS 
ie = 
FUNCTION TABLE (EACH FLIP-FLOP) >C LN 


ay 
=aa= 


INPUTS OUTPUT 
Q 


D 
L 4 H H 
L ¢ L L 
L L X Qo 
H X X Z 
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V54ACT374/V74ACT374 


RECOMMENDED OPERATING CONDITIONS 









_ UE 
SYMBOL PARAMETER 











Input 
te Rise and Fall Time 
High Level ey 
Input Voltage 2.0 Voc t0-5 |Voogt0-5 V 
: input Vo pos | ov 
IL Input Voltage 


AC CHARACTERISTICS: INPUT tr ,tt < 3 nsec 


Gov [Cp =BVEIO% 
SYMBOL | PARAMETER noe | Min he ies SS e — —— 
: Max Max 


teu teu A 
Prop. Delay eae a Ge Ss OK al me Ol 
Clock to Q [= 50 4 10 3 to is 
Ta a a = De 






























te et | 50 | 4 7 if 11 | 14 | 16 | nm | 2 
dol eee hed | 300 | 6 | 11 | 16 | 20 | 24 | ms | 2 
Sten eUpEbenee: 60 a | 8. 4 1 ee | | ie, 
tPZL oe | 300 | 7 | 14 ~| 19 =| 24 [| 28 | ns | 2 
eae Prop. Delay | 10 | 3] 5 hm] 8 UT 0 | 12 ft ns | 
cipaoene Fee 
10 3 5 

ter os P50 | 6 | 7 | to 138 15 | ns | 
ftna Output Trans. ee ee ae <a ee ee 
Time, Any | 300 | 6 | 8 | 15 | 19 | 22 { nm | 4 | 
=n Output 10-90% | 50 | 1 | 2 | 3 | 4 | 5 [| nm | 4 
of 0-3.5V ee 
Power Dissipation —— 

Capacitance * {per buffer) 


TIMING REQUIREMENTS: INPUT t, , 15 3 nsec 


SYMBOL | PARAMETER 


's_{ae Min Setup Time, Input D ae 
to Clock 

Min Hold Time, Clock 

to ae D 

Minim 

Pulse Width, Clock 10 
Maximum Frequency mr 
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V54ACT465 


V74ACT465 


OCTAL BUFFERS AND LINE DRIVERS 
WITH 3-STATE OUTPUTS 


FEATURES: 
* CMOS Replacement for ALS CONNECTION DIAGRAMS 


* High speed, 5ns Typical 
* TTL Levels, Io; Aqpy, = 48/24 mA Commercial, 
32/24 mA Military 
7 *Low Input Current, 1A Max 
| “Fully Specified: 5y + 10% Power Supply 
| 50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 

This is an octal line driver with dual control lines. 

When both G1 and G2 are low, the buffers are enabled 
and the value on bus A is driven to bus Y. 


A-C-T FAMILY 


Yn) 
rm 
uJ 
Li 
ea 
w 
< 
_ 
= 4 
a) 


This octal high performance interface family is de- 
signed for high capacitance, low impedance load 
drive. It is compatible with TTL 1/O and ALS per- 
formance. These features are ideal for bus oriented 
interface buffering, memory drives, and clock or 

line drives. 


DIP and SOIC PLCC and LCC 
(Top View) (Top View) 





LOGIC SYMBOL LOGIC DIAGRAM (POSITIVE LOGIC) 


(1) 
(19) 1) 
(2) 
(4) 
(6) 
(8) 
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V54ACT465/V74ACT465 


RECOMMENDED OPERATING CONDITIONS 









symsol | PARAMETER unr 
arom | nator 


teeta letare tata 
[PER Le fe | | pee 
aw | Seceanmel | [= [2 [=| wo 
vn | eevee [= [a [| moana 
Pw [ imate, Les [es [| [ee | |v _ 












> 
> 
7) 
= 
m 
m 
— 
”) 


AMINA LeO°V 





AC CHARACTERISTICS: Inputt,,t;, < 3 nsec 













Voc =5V+10% 
y| Max {Max | Max 
mop peasy Es} 8 | 7] wf [ms [3 
Adc Vacr 800 | Sf 8 fn a | te | ns | 8 
300 
'PZH Prop. Delay = 
Output Enable 
to Ya or Yb 


300 
tPHZ 
Output Disable 
Output Trans. 
Time, Any 
t Output 10-90% 
ah of 0-3.5V 
ie | Input Capacitance 
Output Capacitance 
( Outputs Off ) 


Power Dissipation 
Capacitance” ( per buffer ) 


fi 





ie) 


© 










— iN [| — 
ajo] 5 
3/5 
it 


© 


5 | ons 


1o) o) 
slalélelalsle|z 
slalels|elsle|z 


nol ose ak 
N DOT N N NO 





'Se) =k —_h —- —h = mk] ck | | A | 
O1 © O1rws; On} wi © © Corsi RLO!]A 
; W —_ — =A —Af/onf/—3)/ uf AO] 3a] a] ap es 
o1 © POTRILOLRILOLOlWlos;R] RI @] dw] @] Po 
mah 


=(Cpp +O, ) Véo ‘fn + lag °Voc_., Total power dissipation where n = # of buffers 
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V54ACT466 


V74ACT466 


OCTAL BUFFERS AND LINE DRIVERS 
WITH 3-STATE OUTPUTS 


FEATURES: 
CONNECTION DIAGRAMS 
* CMOS Replacement for ALS 


* High speed, 5ns Typical 
* TTL Levels, lo_Noy = 48/24 mA Commercial, 
32/24 mA Military 
*Low Input Current, 1A Max 
“Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 

This is an inverting octal line driver with dual control lines. 
When both G1 and G2 are low, the buffers are enabled 
and the inverted value on bus A is driven to bus Y. 


This octal high performance interface family is de- 
signed for high capacitance, low impedance load 
drive. It is compatable with TTL I/O and ALS per- DIP and SOIC PLCC and LCC 
formance. These features are ideal for bus oriented (Top View) (Top View) 
interface buffering, memory drives, and clock or 
line drives. 


A-C:T FAMILY 


Yn) 
one 
Wu 
Lu 
< 
” 
< 
- 
<x 
a) 





LOGIC DIAGRAM (POSITIVE LOGIC) 


LOGIC SYMBOL 
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V54ACT466/V 74ACT 466 


RECOMMENDED OPERATING CONDITIONS 


VALUE 
5 
0 















Ce [Ree Pele? | pelle 
Tet | BYanael | [> [2 [om [oe [= 
erie. [= fe | | pevoshnal v_ 
rie [its besos] | [| ely 


Max _|Max___| Max 

| 50 | 3{ 7 | 9 | 2] 14] ns | 3 | 
soo [ef to fis | 17 | 20 | ns | 3 
cso s{ 6 | 8 | | 2] ns | 3 
rao [7 [1 | i | te | 21 | ns | 3 
oe ee eee ee ee ee 
| 300 | 8| 12 | 15 | 19 | 22 | ns | 2 | 
cso [4] 7 [2] | i7] ns | 2 
|. 300 | 10] 14 | 18 | 24 | 27 | ons | 2 | 
p to | 3] 5 | 8} to] 12 | ms | 2 | 
| 50 | 4] 7 | 10 | 13 | 15 | ns | 2 | 
ee A Sa De 
so [4] 7 | 10 | 13] 18 | ns [2 
sop a[ 2} 3] 4] s[ ns | 4 
| 300 | 7{ 10 | 13 | 17 | 20 | ns | 4 












SYMBOL | PARAMETER 


tTHL 













W 





Prop. Delay 
Ato Yaor 
B to Yb 


io) 





16%) 






NO} 













Prop. Delay 
Output Enable 
to Yaor Yb 


NO] PO 





NO} MTR 


Prop. Delay 
Output Disable 





NO 





f&} PM 


Output Trans. 
Time, Any 
Output 10-90% 
of 0-3.5V 


4 
Output Capacitance 
C Power Dissipation 
Capacitance” ( per buffer ) ee ee 22 es Pr 


*Pr=(Cpp +Cy ) VE “fn + 16g *Vog_, Total power dissipation where n = # of buffers 


BSS 






9-21 


5 
> 
7) 
x= 
m 
m 
| 
” 


AMIWW4 LeD°V 








V54ACT467 


V74ACT467 


OCTAL BUFFERS AND LINE DRIVERS 
WITH 3-STATE OUTPUTS 


FEATURES: 
* CMOS Replacement for ALS 
* High speed, 5ns Typical 
“TTL Levels, loLNoH = 48/24 mA Commercial, 
32/24 mA Military 
*Low Input Current, 1A Max 
*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 


These are dual 4-bit line drivers, with separate enable 
lines. When enable is low, the values on bus A are 
transmitted to bus Y. When G is high, the buffers are 
disabled. 


CONNECTION DIAGRAMS 


A-C-T FAMILY 


” 
bE 
Ww 
Lu 
= 
wn) 
<<. 
- 
< 
a) 


This octal high performance interface family is designed 
for high capacitance, low impedance load drive. It is 
compatible with TTL I/O and ALS performance. These 
features are ideal for bus oriented interface buffering, 
memory drives, and clock or line drives. 


DIP and SOIC PLCC and LCC 
(Top View) (Top View) 








LOGIC SYMBOL LOGIC 





FUNCTION TABLE 
| INPUTS OUTPUTS 
Gi Ai Yi 
H xX Z 
L L L 
L H H 
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V54ACT467/V74ACT 467 


RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER Min UNIT 
Voc 


vee | wmrvess [es [as [so [oo | se] ss |v 
et | Be ratnne! |b > |= [| oe To 
a 
rin [tte bes [es > | [oe[ oly 


AC CHARACTERISTICS: Inputt,;,t, < 3 nsec 
Voc =5V 






























Voc =5V+10% 


25°C 185°C |125°C | UNITS 
Max Max Max 
















25°C FIGURE 

Tyo 
a 
Prop Delay 300 | sf a | ar] 14] te | ns [8 
tru, | Bto Yb | 50 | 3] 5 | 9 | 12 | 14] ns | 3 
| 300 | 8] 12 [| 15 | i9 | 22 [| ns | 3 | 
- 


=k 
O1 
— 
NJ 
” 


mop beay L224} 7 | 2 
Prop. Delay [00 6[ 10 | 12 


to Yaor Yb 


| 300 | 8 | 
Prop. Delay 
toy | Output Disable 
tTLH Output Trans. 
Time, Any 
t Output 10-90% 
te of 0-3.5V 


Output Capacitance 
( Outputs Off ) 


Power Dissipation 
Capacitance” ( per buffer ) 


le 


0 
) 


N > — 
MT 
SBS 7D TD] SD 


— 
NO 
” 


on| — 
oO}; © 
af 


= at 
NPPMPA PR EN POINT Ol] Po 
=i 
Ol 
= 
” 


F 
= 
n 


> | 5 


.o2) w 
O;o}oO| oi 
O;O];,O}]oO 


_k wok N 
Oo Ory oi] — 
<e) 


TO 


4 
Cpp 30 





OO — 4 —s _ —_ — 
o1 © OOP] @O]O © 

GW — —- —_— awtA} of 2] a] 7 
oO1 © WD) RPO; RILODlLO;W]O] OO] 


1) 
a 
ne) 





*Pr=(Cpp +C, ) Veo ‘fn + IGG *Voc_, Total power dissipation where n = # of buffers 
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V54ACT468 


V74ACT468 


OCTAL BUFFERS AND LINE DRIVERS 
WITH 3-STATE OUTPUTS 


FEATURES: 

* CMOS Replacement for ALS 

* High speed, 5ns Typical 

* TTL Levels, lo_/lon = 48/24 mA Commercial, 

32/24 mA Military 

*Low Input Current, 1p,A Max 

*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: = ae 
These are dual 4-bit inverting buffer drivers. G1 and G2 
are the two separate enable lines. When G is low, the 
buffers are enabled and bus Y gets A values. A high 
value of G disables the buffers. 


CONNECTION DIAGRAMS 


A-C-T FAMILY 


” 
-— 
Li 
Lid 
<x 
op) 
< 
= This octal high performance interface family is designed 
. for high capacitance, low impedance load drive. Itis 
compatible with TTL I/O and ALS performance. These 


features are ideal for bus oriented interface buffering, 
memory drives, and clock or line drives. 


DIP and SOIC PLCC and LCC 
(Top View) (Top View) 








LOGIC SYMBOL LOGIC DIAGRAM (POSITIVE LOGIC) 






FUNCTION TABLE 
INPUTS OUTPUTS 
Gi Ai Yi 
H X | Z 
L L H 
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V54ACT468/V 74ACT 468 


RECOMMENDED OPERATING CONDITIONS 






VALUE 
syMBoL | PARAMETER UNIT 
Operating : ; ; 
Input . 
High Level 
Low Level 
pve | iuNatige | 5 [os | | | es] os] v 


AC CHARACTERISTICS: Inputt,;,t, < 3 nsec 
Voc =5V410% 


Vao=5V 
SYMBOL | PARAMETER CLI in 25°C 185°C 1|125°C | UNITS 
in pF 
Max |Max | Max 


25°C FIGURE 
Tyo 

mm loo Lo tst s] s| a[ «fmf 3 
Prop Delay 300 | 6[ io | 13 | 17] 20] ns | 3 

seve, 6=—s (cso 3] 5 | 8] 0] 2] ns | 3 

rao | 7{ a1 | 14 | te [21 | ns | 3 

von pony L224} 7 | 10 | 13 15 [ns [2 
Prop. Delay | [300 |e] 40 | 13 | 17 | 20] ns | 2 


toYaoryo | 50 | 4] 7 | 11 | 14 | 16 | ns | 2 | 






















Oia | o 


t PHL 










1) 








NO 


tPZH 


NO} PR 


300 | 9] 13 | 16 | 20 | 24 | ns | 2 | 
| 10 | 3] 5 | 8] 10 | 12] ons |? 
Prop.Delay | 50 | 4] 7 | 10 | 13 | 15 | ons | 2 
tery | Cutput Disable | 10 | 3] 5 | 8 | to | 12 | ns | 2 
| 50 {| 4] 7 {| io | 13 | 15 | ons | 2 
Output Trans. [50 | 1] 2 | 3 | 4 {| 5] ns | 4 | 
Time, Any {| 300 | 7] 11 {| 14 | 18 | 21 | ons | 4 
Se pee 2 ee ee 
oe | 300 {| 4] 7 | 10 {| 13 | 15 | ons | 4 


mputcpactee | ¢ |e | 6] 6] | 
Output Capacitance 
Power Dissipation 
C p 


* Pr =(Cpp +C, ) VE “fen + Ig *Vog , Total power dissipation where n = # of buffers 


NO} RM 


t PHZ 


AEM] DM] M 


i 
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V54ACT533 


V74ACT533 


OCTAL D-TYPE TRANSPARENT 
LATCHES WITH 3-STATE OUTPUTS 


FEATURES: CONNECTION DIAGRAMS 
* CMOS Replacement for ALS 


* High speed, 6ns Typical 
* TTL Levels, lo_Noy = 48/24 mA Commercial, 
32/24 mA Military 
| *Low Input Current, 1A Max 
| *Fully Specified: 5V + 10% Power Supply 
| 50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 

These are 8-bit transparent D-type latches of the inverting 
type. While the latch enable C is high, the latch output 
will follow the inverse of the data input. The data at input 
D is latched when the enable is taken low. 


1 
2 
3 
} 4 
Is 
6 
7 
8 
9 
1 


© 


The OC output-control signal can be used to place all 
the outputs in active or high impedance state. The latch 


data can be changed independent of OC. DIP and SOIC PLCC and LCC 
(Top View) (Top View) 


A:C*T FAMILY ~ 


n 
- 
Wd 
UJ 
x 
” 
<— 
= 
> § 
@) 





These parts have been designed to interface with 
3-state buses and I/O ports or used as storage elements. 
The TTL logic levels are ideal for interfacing with high- 
Capacitance, low impedance loads. 














LOGIC SYMBOL LOGIC DIAGRAM (POSITIVE LOGIC) 


/ 


oc EN 
| 1 
> (11) 
1 pS yP aa ae os ee 
D2 [CS G2 +_D ‘ 
CE ee ko 
pa | wp 
13 NM (12) = 
psp as Pye ton. 
>. De 
(18) ara « (19) — a 
pe D 


FUNCTION TABLE (EACH LATCH) 


“INPUTS OUTPUT 
ral 


L H H L 
L H L H 
L L Xx Qo 
H 4 x Z 


ore 
oo ot 
at) 


D 
=aea 


par 
feo 










if 
v \ 
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V54ACT533/V74ACT533 


RECOMMENDED OPERATING CONDITIONS 















VALUE 


SYMBOL PARAMETER _—__Mr__} __tp _}____ UNIT 
| Mi | Comm | Mi_| Comm | Mi_| Comm __ 


vee | sawn [as [as [eo | so | es [ ss] v 
a 
Tat | Berane || ps [3 | sm | om [we 
a 
ve | RE fos fos | | ee | oe 


AC CHARACTERISTICS: INPUT tr ,tt < 3 nsec 















5 
> 
ez] 
< 
m 
m 
-_ 
” 



















YoV | Yp=5Vt10% 

SYMBOL | PARAMETER - a Min | 2 Wee units | FIGURE 
; Lear |e | a iar on 
Prop. Delay [300 | 6 |. 40 | 14 tee Ot 
Input D to Q co ie eS Te TE Oe Se 
| 50 _ | 4 | | = ¢g | 9 | 12 | | 14 | | ons | aa 

t 
Prop. Delay r3o0 | 6 | 40 | 13 | 17 | 2) | ns | 3 | 
Latch Enable 
PHL | C toanyQ F300 [| 7 | i | 16 | 21 | 24 [| ns | 3 | 
f 50 | 4{ 7 | 1 | 4 [ 1 f ns | 2 | 
PZH__| Prop. Delay [300 | 6 {| 10 | 15 | 19 | 22 [ ns | 2 | 
ey cm SER SSE AY A NO Ee TD 
PZL y F300 | 8 | 73 | 18 | 24 | 27 | ns | 2 | 
Bib. Delay Pi 40-| Gl 5 | 8 | 10. | 42 [one |e | 
Output Disable [92 | 41 8 | 41 [a4 [| t6 [ons [2 
10 Q Pio | 3| 5 | 8 | 10 | 12 | ns | 2 | 
[so | 4f[ 7 | 10 | 13 | 15 | ns | 2 | 
roa Gi Pe ftef ef ete | 

Output ao 


Power Dissipation 
ea Capacitance * per buffer) pF 
* Py = 


TIMING REQUIREMENTS: INPUT t,- , tr< 3 nsec 

















=5V+t10% 
SYMBOL | PARAMETER ee C UNITS FIGURE 


to Latch Enable 1 3 
ty Min Hold Time, Latch 
| Enable to Input Q 1 3 
Minimum 
Pulse Width rere 
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V54ACT534 


V74ACT534 


OCTAL D-TYPE EDGE-TRIGGERED 
FLIP-FLOPS WITH 3-STATE OUTPUTS 


FEATURES: | 

* CMOS Replacement for ALS 

* High speed, 6ns Typical 

* TTL Levels, lo/loy = 48/24 mA Commercial, 

32/24 mA Military 

*Low Input Current, 1A Max 

*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


CONNECTION DIAGRAMS 


FUNCTIONAL DESCRIPTION: 


These 8-bit registers invert the data between input and 
output. The data is latched by the positive edge tran- 
sition of the clock. The inverted data appears at the 


output Q's when enabled by the output-control signal OC. 


A-C-T FAMILY 


ep) 
- 
uJ 
ud 
<= 
7p) 
< 
- 
<q 
o) 


The OC output-control signal can be used to place all 
the outputs in active or high impedance state. Data in DIP and SOIC PLCC and LCC 
flip-flops can be changed independent of OC. (Top View) (Top View) 


These parts have been designed to interface with 
3-state buses and I/O ports or used as working regis- 
ters. The high drive capability, 48mA | oL/loH , at the 
TTL logic levels is ideal for interfacing with high-capaci- 
tance, low impedance loads. 





LOGIC SYMBOL 


mee DN 
OC EN 
3) < = 


Dt 

D2 2 
D3 (6) 
Da 2 


ra a re 
DS Saar 
ees 


LOGIC DIAGRAM (POSITIVE LOGIC) 


OC 
CLK 
D1 


~-_ 

—_h, 

— 
® 


6 | 
\/ 
P 
Be 


. 
Bs 


D2 


rr 
Bo 


me 14 15 D3 
16 
D7 17 (16) 


D8 (18) (19) D4 


D5 


FUNCTION TABLE (EACH FLIP-FLOP) 


° t) 


PoP 
: 
eye 


° 4 Par 
ny 


D6 


D7 


D8 
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V54ACT534/V74ACT534 


RECOMMENDED OPERATING CONDITIONS 


VALUE 


SYMBOL PARAMETER UNIT 


a eee ete fT Pt Pe 
Free Alt Teme 











Hee and Fall Time eee 
High Level 
Low Level 
ae Rata tT et ae 


AC CHARACTERISTICS: INPUT tr ,tt < 3 nsec 


ones [reer _| S$ [uw | i” ae fee EE 
25°C ep ee aC | 125 
SYMBOL | PARAMETER inpE | Min UNITS | FIGURE 

























Ca 50 er a ee eee 
tH | prop Delay 300] 6 |8 113 | 17120] 1s | 3 
Clock 10 Q 50 |_4 |..6. |] 10 |13.| 15 | ns 13 
300 | 8 112. | 16] 20. | 24 | ns 1.3 
are 50 |.4 1.8 |.11 | 14 | 16 | 1s 12 
aks mm PE WS OT 
Supe: ee a 88 ts ne 
300 | 8 113 ]_19| 24 | 28 | ns | 2 
Sree a 
peeaae So eS 
t 

ars toQ 50 |_3 |..6 |~10|13_| 15 | ns |.2 
tan | OutputTrans. [50 [ 1 [2 | 3 [4 | 5 [ns | 4 
Tine: Any [300 | 6 |.9 | 15 | 19 | 22 | ns |4 
try Output 10-90% eR A SM SA A 
of 0-3.5V ee 

Power Dissipation FE 

Capacitance * — buffer) Pp 









TIMING REQUIREMENTS: INPUT t, , 5 3 nsec 


Van =9 VE10% 
PARAMETER 


25°C 85°C ie °C 
eal en 
to Clock 1 
ih Hold see Clock 
emer —T pee 





—— 
Pulse Width, Clock 10 
Maximum Frequency | ol 
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A-C-T FAMILY 


op) 
ene 
uJ 
ud 
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V54ACT540 


V74ACT540 


OCTAL BUFFERS AND LINE DRIVERS 
WITH 3-STATE OUTPUTS 


FEATURES: CONNECTION DIAGRAMS 
* CMOS Replacement for ALS 


* High speed, 5ns Typical 
*TTL Levels, loLAoH = 48/24 mA Commercial, 
. 32/24 mA Military 
*Low Input Current, 11,A Max 
*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 

This is an inverting octal line driver with dual control lines. 
When both G1 and G2 are low, the buffers are enabled 
and the inverted value on bus A is driven to bus Y. 


This octal high performance interface family is de- 
signed for high capacitance, low impedance load 
drive. It is compatible with TTL I/O and ALS per- DIP and SOIC PLCC and LCC 
formance. These features are ideal for bus oriented (Top View) (Top View) 
interface buffering, memory drives, and clock or 
line drives. 





LOGIC SYMBOL LOGIC DIAGRAM (POSITIVE LOGIC) 


OUTPUTS 
Yi 


Z 
Z 
Z 
H 
L 











V54ACT540/V74ACT540 


RECOMMENDED OPERATING CONDITIONS PRELIMINARY 











VALUE 


SYMBOL PARAMETER Max UNIT 


i ee eee oe 


Supply Voltage 4.5 5.0 55] Vv 
ae sep eee 
[tet | Resandratine| | | @ | 3 | 500 | 500 | ns 
ir 
pve | fitatige | es [os | | | os | oe] vv 


AC CHARACTERISTICS: Inputt,;,t, < 3 nsec 


SYMBOL | PARAMETER Ss [nw fe 25°C 
A, 












Voc =5V410% 


ed °C | UNITS |FIGURE 
Max Max 



















pip belay | 50 [| 3] 5 | 7] 10[ 12] ns | 3 | 
| 300 | | ts 
| 50 | 3{ 5 | 8 | 11 {| 13] ns | 3 | 
-300 | | TE ts 
pipe Delay | 50 | 4] 7 | 8] 1 {| 13] ns | 2 | 
Guipue Enablb. Pee a es 
tp, 4 |toYaorYyo | 50 | 4] 7 | 9 | 12] 14] ns | 2 | 
rao [ | {| | | [| 
40: | Le ae . e| f AO | 130 | | 15 | fons | 2 | 
t PHZ 
tee Prop.Delay {| 50 | | | | {| | ns | 
Output Disable | 10 | 4] 7 | 9 | 12 | 14 [ ns | 2 | 
50 | | ts 
Output Trans. [50 | t1{ 2 [| 3 | 4] 5] ns | 4 | 
Time, Any | 300 | | CT ts 
re iat | 50 | if 2] 3] 4{[ 5] ns | 4 | 
adie 300 | | TC ts TT 
om | irr copsctence | « | 6 | 6] | or | 
eve ca 
2 a ee 
ne = 


"Pr =(Cpp +C_, ) Véo “fn + log *Vog_, Total power dissipation where n = # of buffers 
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V54ACT541 


V74ACT541 


OCTAL BUFFERS AND LINE DRIVERS 
WITH 3-STATE OUTPUTS 


FEATURES: 
* CMOS Replacement for ALS 
* High speed, 5ns Typical 
* TTL Levels, lo_/oy = 48/24 mA Commercial, 
32/24 mA Military 
*Low Input Current, 1A Max 
“Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


CONNECTION DIAGRAMS 


FUNCTIONAL DESCRIPTION: 


This is an octal line driver with dual control lines. 
When both G1 and G2 are low, the buffers are enabled 
and the value on bus A is driven to bus Y. 


This octal high performance interface family is de- 
signed for high capacitance, low impedance load 
drive. It is compatible with TTL I/O and ALS per- DIP and SOIC PLCC and LCC 
formance. These features are ideal for bus oriented (Top View) (Top View) 
interface buffering, memory drives, and clock or 
line drives. 


A-C-T FAMILY 


2) 
- 
Liu 
Lu 
<= 
2) 
<< 
te 
> § 
a) 





LOGIC SYMBOL LOGIC DIAGRAM (POSITIVE LOGIC) 


(1) 
(19) 1) 
(2) 
(3) 
(4) 
(S) 
(6) 


FUNCTION TABLE 


(7) 


INPUTS OUTPUTS 


anne 8 
G1 G2 i Yi ©) 


(9) 
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V54ACT541/V74ACT541 


RECOMMENDED OPERATING CONDITIONS PRELIMINARY 


PARAMETER 


Supply Voltage ries 

Operating 

Free-Air Temp 

Input 
a Rise and Fall Time 











UNIT 


a 
a 





© 
3 
3 







~e5 
tr 
on |& 
on 





High Level 

Input Voltage 
Low Level 
Inout Voltage 


AC CHARACTERISTICS: Inputt,;,t;, < 3 nsec 


SYMBOL | PARAMETER CL 
in pF 


> 
> 
Y”) 
< 
m 
m 
+ 
62) 


oOo 
oO on 


Soe 






Voc =5Vt10% 


FIGURE 
















25°C |85°C | 125°C | UNITS 
y Max |Max_ |Max 

Pigs aay | 7 { 10] 12] ns | 3 | 

AiG Vai eS a ee ee ee 

| 8 | | 13 | ons | 3 | 

| 300 | ee aaa a ae 

Pee sDeliy | 8 | 11 | 13 | ons | 2 

Output Enable [300 |_| pt Ts | 

to Ya or Yb | 10 | 13 | 15 | ns | 2 | 

300 | tT ts 

Prop.Delay | 50 | | | | | ot ins | 

fiz Output Disable [40 | 4{ 7 | 9 | 12 | i4[ ns | 2 

Output Trans. | 50 | 1] 2 | 3] 4{ 5] ns | 4 | 

Time,Any {300 | [| | | | ft ins | 

Output 10-90% [so |r { 2 fs | 4] s [ons [a 

° 300 | fT ts | 

fem [momen | feof ef] 
Output ll 

CB Fe 
Power Discalo 





"Pr =(Cpp +O, ) Ve. ‘fen + Io *Voc_, Total power dissipation where n = # of buffers 
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V54ACT563 


V74ACT563 


OCTAL D-TYPE TRANSPARENT 
LATCHES WITH 3-STATE OUTPUTS 


FEATURES: 
* CMOS Replacement for ALS 
* High speed, 6ns Typical 
*TTL Levels, lo_/onH = 48/24 mA Commercial, 
32/24 mA Military 
*Low Input Current, 1A Max 
*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 
FUNCTIONAL DESCRIPTION: 


These are 8-bit transparent inverting D-type latches. 
While the enable C is high, the Q output will follow the 
inverse of the data input. The data at input D is latched 
when the enable is taken low. 


CONNECTION DIAGRAMS 


The OC output control signal can be used to place all 

the outputs in active or high impedance state. The 

latch data can be changed independent of OC. DIP and SOIC PLCC and LCC 
(Top View) (Top View) 


A:C-T FAMILY 


” 
Ee 
Ww 
Lu 
s&s 
op) 
< 
Ee 
<x 
@) 





These parts have been designed to interface with 3-state 
buses and I/O ports or used as storage elements. The 
TTL logic levels are ideal for interfacing with high-capaci- 
tance, low impedance loads. 





LOGIC SYMBOL LOGIC DIAGRAM (POSITIVE LOGIC) 





DS 


(11) 


(2) 
3 


EN 

C 
oF Vv 
<{}-—— 
= en: 
a 
res 
ee 
pa eit 


~~ 

~-_ 
~~ = 
_ —_ 
— 
) 

e 


N 
ro 
polfeo 


ag 
elegy. 


5 
6 


8 
(9) 


VV VVVVY 


rL 
polfeo 


oo 
Oo C 
ake 

C 


FUNCTION TABLE (EACH LATCH) 


y 


PSR: 
ie 
ey 
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V54ACT563/V74ACT563 


RECOMMENDED OPERATING CONDITIONS PRELIMINARY 


SYMBOL PARAMETER 


Supply Voltage 


Operating 


Be 


pee Temp 


mee ae Fall Time 

High Level 

Input Voltage 

Low Level ats 
Input Voltage 


AC CHARACTERISTICS: INPUT tr ,tf < 2 nsec 





5 
> 
2) 
a 
mi 
m 
— 
n 





























3 
es =5V+10% 
SYMBOL | PARAMETER inpE | Min BC | fe | UNITS | AGURE 
be | foe ier abies | OE 
Prop. Delay Es a eee eee ee ae eee eS 
Input D to Q | 50 | 4) 7 hd lo | 2 | 4 ft ns | 8 
a ae ee ee eee eee ee ee 
| 50 |] 4] 6 | 8 | 41 | 13 | ns | 3 
Prop. Delay Re OOO) tess tense Mie ot ieee eee ee 
; Latch Enable ee a Se ee ee ee ee ee 
PHL C to anyQ Tcl (a eS OR Fae es ee eee 
; Ee se ee 
iil OR eey Cees ee Le aS (Seana (Orns! Serer ee) Cees 
SHE ane 50 A 2) 14s 
PZL ea Fae Lae aa a oe, eee eee 
Prop. Delay PO Me ce ee ee ee ee al 
Seite a ee 
toQ 10 
tz | 50 | 4] 7 | 9 | 12 *{ 14 «| ns | 2 
— c+Pef ef ef | 
Output Capacitance 
Capes oe pede ae 4 oorina 
Power Dissipation 
Capacitance * (per buffer) 


TIMING REQUIREMENTS: INPUT t,; , tres 3 nsec 


PARAMETER 125°C | uns FIGURE 


Min Setup Time, Input D 


to Latch nable 

Min Hold Time, Latch 
Enable to Input D 
Minimum 

Pulse Width 
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V54ACT564 


V74ACT564 


OCTAL D-TYPE EDGE-TRIGGERED 
FLIP-FLOPS WITH 3-STATE OUTPUTS 


FEATURES: CONNECTION DIAGRAMS 
* CMOS Replacement for ALS 


* High speed, 6ns Typical 
*TTL Levels, loL/loy = 48/24 mA Commercial, 
32/24 mA Military 
*Low Input Current, 1A Max 
“Fully Specified: 5V + 10% Power Supply 
50OpF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 


This 8-bit register inverts the data between input and 
output. The data is latched by the positive edge tran- 
sition of the clock. The inverted data appears atthe —__ 
output Q's when enabled by the output control signal OC. 


The OC signal can be used to place all the outputs in 

active or high impedance state. Data in flip-flops 

can be changed independent of OC. DIP and SOIC PLCC and LCC 
(Top View) (Top View) 


1 
2 
3 
4 
5 
6 
7 
8 
9 
1 


A-C-T FAMILY 
oO 


”) 
_— 
uJ 
ve 
<= 
” 
< 
- 
<= 
@) 





| These parts have been designed to interface with 

| 3-state buses and I/O ports or used as working regis- 
ters. The high drive capability, 48mA | oL/oy , atthe 
TTL logic levels is ideal for interfacing with high-capaci- 
tance, low impedance loads. 





LOGIC SYMBOL 


LOGIC DIAGRAM (POSITIVE LOGIC) 


OC 
CLK 


Oo 
© 
O 

VV 


D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 


\/ 
Pl 
Be 


HE 
WW 


PSs 


e 


0 —o 
Pee A 


ld Be: 


C) 


D 
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V54ACT564/V74ACT564 


RECOMMENDED OPERATING CONDITIONS PRELIMINARY 


a ee ee ee 
penece | newest a foam fom or fom 


Free-Air Temp “40 125 C 
Input 
bys Rise and Fall Time | 
High Level 
V Low Level 
IL Input Voltage 


AC CHARACTERISTICS: ae Tt 


Yo=5V Co=9 V+10% 
Si6OL_| PARAMETER is [uw [Bes cpp a urs | Gun 































tPLH re eee a 
Prop. Delay es a Sel ee 
eh Clock to Q | 14 [ns | 3 | 
300 Ne cet fe el 
eae 
Prop. Delay Et aa 
Output Enable 
a 
Prop. Delay 
Output Disable 








Gq o>) (e) 

Oo O jojo; — 10d JO1 Io |O1 or 

fa) OlOs[oOso SO [© JO [Oo JO (a) 
ok, _" —_, ood, 
NO NO o) NO 


i Output Trans. | 5 
Time, Any Boao 

Output 10-90% Le. oe 4 

of 0-3.5V we aa 
cris aaa 
Input Capacitance (6 lop |] 
Output Capacitance o | 10 | pF | | 
Cro __| Power Dissipation Cap. (per buffer | 35 | or | 


“Pr =(Cpp +C_, ) Veo ‘fn + loo "Voc ; Total a eee en buffers 
TIMING REQUIREMENTS: INPUT t, , te< 3 nsec 


Yo=5V a 
SYMBOL | PARAMETER Min | 25°CTyp 125°CMax| UNITS | FIGURE 
is__tee Min Setup Time, Input D aa 
to Clock 1 
Min Hold Time, Clock 
to ips D 1 
eh Pulse Width, Clock 








Clock Enable 





LKEN) setup time = 
Clock Enable _ 
CLKEN) hold time 
Maximum Frequency Ld 





re re re ee 
7 | 7 | eo {| so | we | 
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V54ACT573 
V74ACT573 


OCTAL D-TYPE TRANSPARENT 
LATCHES WITH 3-STATE OUTPUTS 


FEATURES: ‘CONNECTION DIAGRAMS 
* CMOS Replacement for ALS 


* High speed, 6ns Typical 
* TTL Levels, lo-/oy = 48/24 mA Commercial, 
32/24 mA Military 
*Low Input Current, 1A Max 
*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 


These are 8-bit transparent D-type latches. While the 
enable C is high, the Q outputs will follow the data inputs. 
The data at input D is latched when the enable is taken 
low. 


The OC output control signal can be used to place all 
the outputs in active or high impedance state. The 


latch data can be changed independent of OC. DIP and SOIC PLCC and LCC 
(Top View) (Top View) 


A-C-T FAMILY 


Y) 
- 
Ww 
uJ 
ps 
2) 
<I 
- 
< 
@) 





These parts have been designed to interface with 3-state 
buses and I/O ports or used as storage elements. The 
TTL logic levels are ideal for interfacing with high-capaci- 
tance, low impedance loads. 





LOGIC SYMBOL LOGIC DIAGRAM (POSITIVE LOGIC) 


oo 
Cc 


(11) 


-_- 
—_, 
~~ 


\/ 
1 
eo] V 


as 


D1 (°) 


EN 
Pr 
jo FV 

D2 airs: 
D3 Pamaienetnaee 
Da eee 
Ds pee 

(eaten 

ae 

fe es 


Dé 
D7 
D8 


FUNCTION TABLE (EACH LATCH) 


== 
“5 

= 
rf 8 


: 
7 apy 


@ Pe 
ae 
VV 
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V54ACT573/V74ACT573 


RECOMMENDED OPERATING CONDITIONS PRELIMINARY 
VALUE 
UNIT 


am Air Temp 


Input Voltage 
Input Voltage 


AC CHARACTERISTICS: INPUT tr ,tf < 3 nsec 



























a Gov er 
SYMBOL | PARAMETER i oF Min ag pg Pe xe 
| 50 | 4] +26 | 8 | _ 11 | +13 | ns | 3 | 
Prop. Delay | 300 | | fff ff 
Input D to Q | 50 |] 4] +7 {| 9 | 12 ‘| +14 | ns | 3 | 
| 300 | [| jf ff ft] 
| 50 { 4] +6 {| 8 { 14 | +13 { ms {| 3 | 
Prop. Delay | 300 | | | ff ff | 
Latch Enable | 50 | 4] #7 | 9 | 12 | +14 | nm | 3 | 
PHL [ctoawa [a0 |} SC 
t | 50 | 4{ 6 {| +7 | +10 | +12 | ns | 2 | 
PZH Prop. Delay | 300 | {| {| | ff || 
Output Enable | 50 | 4] #7 {| 9 {| 12 | +14 { ns [| 2 | 
tez__| toanya Te a a a ee ae 
Prop. Delay | 10 | | Ee eee at 
a ee 
to Q 
te | | 50 | 4 | | 9 | ons | 





Input Capacitance 
Output Capacitance 

utp Or 

Power Dissipation 
Capacitance * (per buffer) 


TIMING REQUIREMENTS: INPUT t, , 45 3 nsec 


PARAMETER 


Min Setup Time, Input D 
to Latch Enable 


Min Hold Time, Latch 
Enable to Input D 
Minimum 

Pulse Width 
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V54ACT574 


V74ACT574 


OCTAL D-TYPE EDGE-TRIGGERED 
FLIP-FLOPS WITH 3-STATE OUTPUTS 


FEATURES: 

* CMOS Replacement for ALS 

* High speed, 6ns Typical 

* TTL Levels, lo. oy = 48/24 mA Commercial, 

32/24 mA Military 

*Low Input Current, 1pA Max 

“Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL : DESCRIPTION: 


These are 8-bit flip-flops which are triggered on the pos- 
itive transition of the clock. The input data is latched by 
a positive edge transition of the clock. 


The OC output control signal can be used to place all the 
outputs in active or high impedance state. Data in 
flip-flops can be changed independent of OC. 


These parts have been designed to interface with 
3-state buses and I/O ports or used as working regis- 
ters. The high drive capability, 48mA | oL/loH , atthe 
TTL logic levels is ideal for interfacing with high-capaci- 
tance, low impedance loads. 


LOGIC SYMBOL 






— DN 


OC EN 

p— ov} at 
D2 ae a2 
ps—2) sss gg 
pa—)._ fd 8) 
pp—S- Es 
pp—2—i|s Mg 

8 (13) 

By eee a 
De ara Qs 


FUNCTION TABLE (EACH FLIP-FLOP) 


INPUTS OUTPUT 
Q 


D 
L 4 H H 
L . L L 
L L X Qo 
H X Xx Z 
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CONNECTION DIAGRAMS 


DIP and SOIC 
(Top View) 


PLCC and LCC 
(Top View) 


LOGIC DIAGRAM (POSITIVE LOGIC) 


BIE 
VV 
ae 
2] Y 


panae 
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2) vlapll ly 


oe 
OP C 
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DC 
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V54ACT574/V74ACT574 


RECOMMENDED OPERATING CONDITIONS PRELIMINARY 


oe Saison well 
DMs | Supply Voltage 














Pair Teme 40 125 
Input 
tity | HBoandrartme | | | 3 | 2 | 500 
High Level 
V Low Level V 
IL Input Voltage 













AC CHARACTERISTICS: INPUT tr ,tt < 3 nsec 
CLT) | Yoev 
SYMBOL | PARAMETER inpF | Min 25°CTyp UNITS | FIGURE 
| 50 | 4{] 6 {| sfteiaii{} i 13 {ns [| 3 | 
Prop. Delay ra i a a ee a ee 


Clock to Q Ye 
PO a a ee ee ae et eel 











Sn, ee ee oe ed 

2s a SEC ENN SN RE SERIE (NT (EEN 

Gurateneh: [gb al ee e tee  e 
is eel ee ae OR ve Pe 
ae a ee Sane amen eee eve pee 

t 

ee a ONT OT 
Ouiputtans, | _s0 | 1] 2 | 3 [4] 5 
Time, Any Cd Re a EE (ONO 
tr, | Output 10-90% [so [a] 2 | 3 | ats 
of 0-3.5V ol aaa eee eee ae aaa 
Ce ac 2 
Input Capacitance se a es 
Output Capacitance a ee a 
Power Dissipation Cap.(perbutter) | 30_| 35 | 95 | 35_| 





Yao=oV Vp =5V410% 
SYMBOL | PARAMETER Min | 25°CTyp ° UNITS | FIGURE 
to Clock 
tH Min Hold Time, Clock 
to Input D 3 3 
tw Minimum 
Pulse Width, Clock 10 14 








LKEN) setup time 
CLKEN) hold time 
= 





Maximum Frequency 
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V54ACT575 


V74ACT575 


OCTAL D-TYPE EDGE-TRIGGERED 
FLIP-FLOPS WITH 3-STATE OUTPUTS 


FEATURES: CONNECTION DIAGRAMS 
* CMOS Replacement for ALS 


* High speed, 6ns Typical 
* TTL Levels, lo_/loy = 48/24 mA Commercial, 
| 32/24 mA Military 
| *Low Input Current, 1p.A Max 
| *Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 


>” This 8-bit register features a positive edge triggered clock 
ar y. 
Sw and a clear control signal CLR. The register can be syn- 
Ir chronously cleared by taking the CLR input low before 
eG the clock transition. 
OF ee ; 
ad The OC output control signal can be used to place all | oe Snes isd ne ae 
the outputs in active or high impedance state. Data in ep ve lop view) 


flip-flops can be changed independent of OC. 





These parts have been designed to interface with 
3-state buses and I/O ports or used as working regis- 
ters. The high drive capability, 48mA | oL/AoH , at the 


TTL logic levels is ideal for interfacing with high-capaci- LOGIC DIAGRAM (POSITIVE LOGIC)* 
tance, low impedance loads. 





OG (2) I> 
ork 14) 
ron=] (1) 


LOGIC SYMBOL* 


ok“) 4 
aoe 
oi amen 
(3) 


OC—ELISTEN 
C 


(22) pi © 


21 
(20) 
19 


D1 
D2 
D3 
D4 


allo 


a 
JUUUYVY 
dt te : 

p of eolfe olfe 


a 
Gal ghe 


Pee 
b 


po 


(5) 


D3 
17 
(16) 
(15) 


(6) 


Dé 
D7 
D8 


D4 


ps (9 


Q7 


(10) Qs 


BV 
+} +8 

pp—_f 
Ea 


wi) 


(8) 


oe 


FUNCTION TABLE (EACH FLIP-FLOP) 


INPUTS OUTPUT 
Q 


L L L 
H 
L 
Z 


D6 


p7 


Da (10) 


a 
7 
\ / 


*Note: Pinouts for DIP and SOIC only 
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V54ACT575/V74ACT575 


RECOMMENDED OPERATING CONDITIONS PRELIMINARY 


[syvece | PARAMETER | eo sald 


Free-Air Temp “40 125 C 
Input 
Tey Ue Rise and Fall Time 
V Low Level V 
IL Input Voltage 
AC CHARACTERISTICS: INPUT tr sec 
Vp =O V#10% 


t* <3n 
SYMBOL | PARAMETER inpF | Min | 25-CTyp UNITS 
| 50 | 4 | L=- 9. | 


FIGURE 

Poi ee 16s | 12 | 14 | ns | 3 
Prop. Delay Fae eae RGIS ARNE) [eSasra (SER, [| 

Clock to Q [oe On BP 6 fn Sie 4 ing = 





























5 
> 
no 
= 
m 
mi 
— 
Yn” 


AMWY4 L:O-V 









wt 
Uv 
rm 










SA (T(E (RAN 
4 a 3s 
ica (ss SS (ET 

aac, 2 RT ET TE 
is Ea a ARAN RT 
Go Wee Vettes ee 

cr mm OE? AAT RETR 

ao Vee ee ee ee 
50 [a [a ees 

Oupttrans. [80 | 1[ 2 | 3 | 4 [5 [ns 
Time, Any [300 [fr 

Output 10-90% [so | 1] 2 | 3 | 4] 5 | rs 
TH | of 0-35v es a A EN (a (AP (A 

Ee rt 

300 

input Capacitance p 4 | 6 | 6 | 6 | oF | 

Output Capacitance ee re ee ae 

Power Dissipation Cap.(perbutter) | 30 | 35 | 35 | 95 | oF | 





* Pr =(Cpp +C, ) Ve “fn + log *Vog_, Total power dissipation where n = # of butfers 
TIMING REQUIREMENTS: INPUT t, , trys 3 nsec 


PARAMETER Min 25°CTyp UNITS | FIGURE 
Min Setup Time, Input D Sg 
to Clock 
Min Hold Time, Clock 
to Input D 1 
Minimum 

Pulse Width, Clock 

Clock Enable _ 





® 
S 
S 


tw 





Clock Enable 
CLKEN) hold time 


Maximum Frequency 





Fmax 


pe} sf s}| ol | 6 
pea} sf so] sts | 6 
po | se | | te fs | 5 
p 7 | vo | oo | so fm] 


as 

~ 
aaa 
A 
m 
=z 
= 
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V54ACT576 


V74ACT576 


OCTAL D-TYPE EDGE-TRIGGERED 
FLIP-FLOPS WITH 3-STATE OUTPUTS 


FEATURES: 
* CMOS Replacement for ALS 
* High speed, 6ns Typical 
*TTLLevels, lo_/Non = 48/24 mA Commercial, 
| 32/24 mA Military 
, *Low Input Current, 1A Max 
| *Fully Specified: 5V + 10% Power Supply 
: 50pF and 300pF Loading — 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 

This 8-bit register inverts the data between input and 
output. The data is latched by the positive edge tran- 
sition of the clock. The inverted data appears at the 
output Q's when enabled by the control signal OC. 


The OC output control signal can be used to place all 

the outputs in active or high impedance state. Data in 

flip-flops can be changed independent of OC. DIP and SOIC PLCC and LCC 
(Top View) (Top View) 


CONNECTION DIAGRAMS 


A-C-T FAMILY 


2) 
- 
uu 
Ww 
= 
2) 
< 
- 
<x 
a) 





These parts have been designed to interface with 
3-state buses and I/O ports or used as working regis- 
ters. The high drive capability, 48mA | oL/loH , at the 
TTL logic levels is ideal for interfacing with high-capaci- 
tance, low impedance loads. 





LOGIC SYMBOL 


OC Ci EN 
CLK >C 
pi—2 S 
D2 

4 
D3 = 
D4 : 
DS ; 
Dé— 
D7 

9 
Ds (9) 


LOGIC DIAGRAM (POSITIVE LOGIC) 


(1) 


BIE 
\/ 
7 

e3] V 


oe 
Q2 
(17) re 


16) G4 


15 OS 
14 rela 
(13) —= 
12) of 
( Q8 


: 
Ul 


V JV VVV VV 
Rae 
Be 


@ 
eo 


FUNCTION TABLE (EACH FLIP-FLOP) 


INPUTS OUTPUT 
| oF cK Ul | 


- To 
et To 
a | NS 
D 


Pan: 
es 
7 


\/ 


L 4 H 
L t L 
L L X 
H x 


X 
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V54ACT576/V74ACT576 


RECOMMENDED OPERATING CONDITIONS PRELIMINARY 
el as 
oe 


Ts [as 


Operating ; 
a ae. Free-Air Temp 125 
rao | | fens igen | 








V 





Input 
Rise and Fall Time 
| 05 | os | os | vy 


Vcc 
Ta 
t, , ty 
High Level 

V Low Level 

IL Input Voltage 
< 3 nsec 
Cr. | | box8v 

SYMBOL PARAMETER in pF Min 25°CTyp \25°CMax 185°CMax UNITS | FIGURE 















5 
> 
Yn) 
<r 
m 
m 
_ 
” 





















25CMax |85°CMax | 

iain re | 11 | 13 | ns | 3 
Prop. Delay ees el el ee 
Clock to 9 | 1214 | ns 3 
es ee 
[7-149 112 bons 
PZH | Prop. Delay el a ey an ie 
Output Enable Ca cy a cy ee 
toQ ie ee 
ine | pepo —— 
ga 1. do 

t 
iQ _e | | 13 [ns | 2 
Output Trans. ~—SLs0 | 1) 2 | 3 | 4t 5 [ns | 4_ 
Time, Any ce a es ee eens eee es 
Output 10-90% [50 ]|11.2 1.3 |. 4 1.5 Lone] 4 
eee aaa CT Ne Ae @SOGRNST! 
ee [— 5011] 2 13 14 8 os 
Foe eee ioe te ae 
Input Capacitance | 4 | 6 | 6 | 6 | p | 
Output Capacitance | 3 | to {| 10 | 10 | pp | | 
Power Dissipation Cap. (perbutfer) | 30 | 35 | 35 | 35 | pp | | 


Pr =(Cpp +C_, ) VE ‘f'n + loo *Vec_. Total power dissipation where n = # of buffers 
TIMING REQUIREMENTS: INPUT t, , ts< 3 nsec 


SYMBOL PARAMETER ‘CTyp 125°CMax UNITS 
to Clock 
Min Hold Time, Clock 
to Input D 
tw Minimum 
Pulse Width, Clock 10 
tH 


pts Clock Enable 







FIGURE 









CLKEN) setup time a 
Clock Enable 

CLKEN) hold time 
Maximum Frequency ae 









piu | te | ns 
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V54ACT577 


V74ACT577 
OCTAL D-TYPE EDGE-TRIGGERED 
FLIP-FLOPS WITH 3-STATE OUTPUTS 


FEATURES: 

* CMOS Replacement for ALS 

* High speed, 6ns Typical 

* TTL Levels, loL/oH = 48/24 mA Commercial, 

32/24 mA Military 

*Low Input Current, 1A Max 

“Fully Specified: 5V + 10% Power Supply 
50OpF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 


This 8-bit register inverts the data between input and out- 
put. The control signal CLR clears the outputs when ap- 
plied along with the clock signal. The clock signal clocks 
in the data. OC outputs the data when activated low. 


Data in flip-flops can be changed independent of OC. 


These parts have been designed to interface with 
3-state buses and I/O ports or used as working regis- 
ters. TTL logic levels is ideal for interfacing with high- 
Capacitance, low impedance loads. 


LOGIC SYMBOL* 


OC 


BD 
wy 


D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 


21 
(20) 


ax —k 
co {Oo 


17 
(16) 
(15) 


jo be Ve 
EE 
went 
ey 5 
ne 5. 
ae - 
an 
TT 


FUNCTION TABLE (EACH FLIP-FLOP) 


INPUTS 
4 
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DIP and SOIC 
(Top View) 


CONNECTION DIAGRAMS 


(Top View) 





LOGIC DIAGRAM (POSITIVE LOGIC)* 


otk 14) 
tin (1) 


D1 2 


po 4 


p3 © 


D4 6) 


ps (2 


D6 (8) 


p7 


D8 (10) 


1> 
>: 
fo 


> C 
anes 
bc 
oo i 

as 


=! 
aS 

= 
ie Lo 
Peet 
— 

= 

=> 

SS 


ind 
Ht) 2 
DH 


g 
e 


BaP 
OOo 


OQ 


rt 
‘ 
EE 


*Note: Pinouts for DIP and SOIC only 





PLCC and LCC 





V54ACT577/V74ACT577 


RECOMMENDED OPERATING CONDITIONS PRELIMINARY 


| ip __{| 
ee en} 


a 








High Level 
Input Voltage 
Low Level 


AC CHARACTERISTICS: —— tr ,tf 


SYMBOL | PARAMETER in ses Min v Be preva — FIGURE 
t 
Clock to Q 
Prop. Delay 
Output Enable 


Prop. Delay 
Output Disable 







—. —. 
fh 
— 
” 


ak 
pen 


ak 
BN 


Output Trans. 
Time, Any 
ma 10-90% 





—_ 
GO 


ww w ww 
oO o|o anton! Joni lO Jo on on on 
=) oO l[O DCDIOlO JoOlo |16 |o oO oO oO 


Input Capacitance 
Output Capacitance 
Power pespaton Cap. (per buffer) 


TIMING REQUIREMENTS: INPUT t,; , t¢< 3 nsec 


Yo=5V pie ee 
PARAMETER Min | 25°CTyp (DEG UNITS | FIGURE 
Min Setup Time, Input D Te 
to Clock 1 3 
Min Hold Time, Clock 
to nett D 1 3 
Minim 
Pulse Width, Clock 10 


TUT TO 
1,7 


ae aC 
ee a 
aaa 
ss 
eed 
eaeat 
ae 
fs 
a 
aes 
a 
oananee! 
re 


ww _. 
11a > 


ol 
Tl 


re) 








Clock Enable = 
CLKEN) setup time 

Clock Enable dos 
CLKEN) hold time 








ae 
N 





9-47 


ANMNVA LV 


= 
> 
2) 
= 
m 
m 
— 
w 





V54ACT580 


V74ACT580 


OCTAL D-TYPE TRANSPARENT 
LATCHES WITH 3-STATE OUTPUTS 


' FEATURES: 
* CMOS Replacement for ALS CONNECTION DIAGRAMS 
* High speed, 6ns Typical 
*TTL Levels, Icon oy = 48/24 mA Commercial, 
32/24 mA Military 
*Low Input Current, 1A Max 
*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 


These are 8-bit transparent inverting D-type latches. 
While the enable C is high, the Q output will follow the 
inverse of the data input. The data at input D is latched 
when the enable is taken low. 


A-C-T FAMILY 


” 
Ee 
Lu 
uJ 
< 
oe) 
ras 
- 
< 
a) 


The OC output control signal can be used to place all 
the outputs in active or high impedance state. The 


latch data can be changed independent of OC. DIP and SOIC PLCC and LCC 
(Top View) (Top View) 





These parts have been designed to interface with 3-state 
buses and I/O ports or used as storage elements. The 
TTL logic levels are ideal for interfacing with high-capaci- 
tance, low impedance loads. 





LOGIC SYMBOL LOGIC DIAGRAM (POSITIVE LOGIC) 


DS 


(11) 
(2) 


—-_ 

ond 

— 
® 


8 [= 

C] 

@ iB d 
pole oleo 


‘3 
MAREN ERAER 


V JV VVVVY 


@ 


EN 

C 
bp bb Vv 
ies 


FUNCTION TABLE (EACH LATCH) 


=F 
=A 
ak = 
ane 


if 
Van 
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V54ACT580/V 74ACT580 


RECOMMENDED OPERATING CONDITIONS PRELIMINARY 
VALUE 












Free Air? | 5 | 40 125 | 
Free-Air Temp 125 
Input 
t, sty Rise and Fall Time 
input Vo | |__| Veet] Vogts] ov 
nut Voltage «| 29 | 20 | Vogt05| Vog#05| _V 
IL Input Voltage 


AC CHARACTERISTICS: INPUT tr ,tt < 3 nsec 


zi Gv Va, =5VEI0% 
SYMBOL | PARAMETER inpk | Min game lg 125°C | units | FIGURE 
| 50 | 4 ———————a 








aa 
Prop. Delay a eee ee ee ee 
Input D to Q | 50 | 4] 7 | 9 | 12 [| 14 | ns | 38 

















eee ee ieee (ay Bae (ee ee eae 
| 50 | 4] lg Tl 8 ht tt | 13 | ns | 8 
Prop. Delay Pe a as as as ee ee ee 
Latch Enable | 50 | 4 T7124 | ns ft 8 
tPHL C to anyQ Pee eee ae ee et eee ee eee 
Sasi | 50 | 4] lg LT 7 | 0 2 | ns 
Op rey a a ay a eee eee ee eee 
rom Suiputienanle, 50 al 9 ie | a) ns 
| tpzL ineny.@ ae a aes (eT Ne ee 
Prop. Delay SSE 7S (area (Raa (eRe eee Cees eer eee 
a a a Se 
t to Q 
| 50 | 4] 7 | 9 | 12 | 14 | ns | 2 
Output Capacitance 
utpus 6 ait pol | 
Power Dissipation 












~ Vip =5V410% 
_. 1|25C 2530 | 85C |125°C 
PARAMETER Min Typ ves tee le UNITS FIGURE 


Min Setup Time, Input D 
to Latch Enable 


ty Min Hold Time, Latch 
Enable to Input D 
tw Minimum 
Pulse Width 


7 






7 
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A-C-T FAMILY 





Y) 
ae 
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V54ACT620 


V74ACT620 


OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 


FEATURES: 

* CMOS Replacement for ALS 

* High speed, 5ns Typical 

* TTL Levels, lo_/loy = 48/24 mA Commercial, 

32/24 mA Military 

*Low Input Current, 1A Max 

*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 


These octal bus transceivers are inverting type and 
designed for asynchronous communication between 
data buses A and B. The function table describes the 
four states the device can be put into. The 
simultaneous enable gives the device a latch like 
capability. When both control inputs are enabled and 
the data sources for buses A and B are at high 
impedance, the bus lines (all 16) will remain at their last 
states. 


These parts are designed to interface with 3-state 
buses and I/O ports. 


LOGIC SYMBOL 
(19) 


GBA ENT | 
GAB EN2 
| 18 

at —eTyi ke 
a2 —8 pas —e "4 pp 
a3 ee e—e—") a3 
M42) 9a e—e—?) ps 
As —) 9 <—e—"4) bs 
rp —D 9a +—e—'2) 36 
a7 —O-e-= 12) p7 
as—2 1) Bg 


FUNCTION TABLE 


ENABLE INPUTS 


L L B data to A bus 
A data to B bus 


B data to A bus 


H H 
H L isolation 
L 5. A data to B bus 
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CONNECTION DIAGRAMS 


DIP and SOIC PLCC and LCC 
(Top View) (Top View) 





LOGIC DIAGRAM (POSITIVE LOGIC) 


GBA ee > 
GAB 
Ai 


A2 
A3 
A4 
A5 


A6 


A7 


A8 





V54ACT620/V74ACT620 


RECOMMENDED OPERATING CONDITIONS 












VALUE 


SYMBOL PARAMETER Max UNIT 








| [Peestrfeme | | | | | | |e 
jot [Recanaraitine | | | 2 | 3 | 800 | s00 | ne 
| Yu [inputvotage | 2° | 20 | | [Mect0Sfsocxo9] Vv 
vu _|inpirvatage | 5 Jos ||| os | oe |v 


AC CHARACTERISTICS: Inputt,,t; < 3 nsec 


SYMBOL | PARAMETER 25°C 












Voc =5V+10% 


ae ‘C ee °C «1125°C | UNITS |FIGURE 
Max 









Sete ee et ae 3 | 
teu | Prop Delay 
Rito Bor 300 | 5] 8 | 13 | 17 | 20 | ns | 3 
BtoA | so] 3/5 | 9 2 | 14 {ns | 3 | 
| 300 | 6 | 9 | 14 | 19 | 24 | ns | 3 | 
mrop. belay ots] 7 [oa 4 [ie [ons [2 
Output Enable |-300_| 6 | 10 | 15 | 19 | 22 | ns | 2 
to Aor B 12 | 15 | 17 | ns_ | 2 | 
300 | 7 | 12 | 17 | 22 | 25 | ns | 2 
eer Le eS a 
Cini Dicsbiss t= Oe Oa) ia) eae se 
to AorB 14 
ee ee ee ee ee 
Output Trans. 3{ 4] 5] ns | 4 | 
Time, Any (300 | 5 | 7 | 13 | 17 | 20 | ns | 4 | 
fim Output 10-80% 
: | 300 | 4 {| 6 | 11 | 14 | 16 | ns | 4 | 
fem [row [oe Laff ef [ 
[cor [onacwmie | | elefelm | _ 
Power Dissipation | 
co | Cepectrcetperoutery | 8 | 48 | © | «6 |r | 





“Pr =(Cpp +C, ) Veo ‘f'n + loo *Vec_, Total power dissipation where n = # of buffers 


Suppl Votags 


> 
> 
n 
=z 
m 
m 
= 
” 
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V54ACT623 


V74ACT623 


OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 


FEATURES: 
CONNECTION DIAGRAM 
* CMOS Replacement for ALS : ? : 


* High speed, 5ns Typical 
* TTL Levels, lo_/lon = 48/24 mA Commercial, 
32/24 mA Military 
*Low Input Current, 1A Max 
“Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 


These octal bus transceivers are non-inverting type 
and designed for asynchronous communication 
between data buses A and B. The function table 
describes the four states the device can be put into. 
The simultaneous enable gives the device a latch like 
capability. When both control inputs are enabled and 
the data sources for buses A and B are at high DIP and SOIC PLCC and LCC 
impedance, the bus lines (all 16) will remain at their last (Top View) (Top View) 
states. 

These parts are designed to interface with 3-state 
buses and I/O ports. 


LOGIC SYMBOL 
GAB 
Al 





A:C-T FAMILY 


op) 
rue 
ud 
LU 
a 
ep) 
no § 
Ee 
5 6 
OQ 





LOGIC DIAGRAM (POSITIVE LOGIC) 


GBA a o> 
GAB - 


A2 
Al 


A3 


A4 A2 


A5 
A3 


A6 


AZ A4 


9 
A8 AS 


FUNCTION TABLE 


ENABLE INPUTS 
GBA GAB OPERATION 


L B data to A bus 

A data to B bus 
Isolation 

B data to A bus 

A data to B bus 


A6 


A7 


A8 


L 
H 
L 
H 


H 
H 
L 
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V54ACT623/V74ACT623 


RECOMMENDED OPERATING CONDITIONS 












VALUE 








SYMBOL PARAMETER Max UNIT 


| 
a 
et [Borsrman | | [2 |= [| | 
Tin [Bes [= fe | |__evosherosl v_ 
veins Los fos | |_| =| oa [ 


AC CHARACTERISTICS: Input t,,t; < 3 nsec 
Voc =5V+t10% 


SYMBOL | PARAMETER 25°C 125°C | UNITS |FIGURE 
Max 


ten ern en MN 
[teat | Prop Bor [30 [e| 9 | 12] 15 [17 [ns [3 | 



















.¢) 





ie) 





Power Dissipation 
C 


“Pr =(Cpp +C, ) VéQ ‘f'n + log °Voc_, Total power dissipation where n = # of buffers 
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tm | BIOA softs] s | 90] i] 1] ns | 3 
[soo [a | te [ie | a1 [24 [ns | 3 

mop peay 2,4} 8 || 14 | 16 [ns | 2 
pro ey, [soo |e] a1 | 15 | 19 | 22 | ns | 2 
oAore [5014] 9 | 13] 17 | 20 | ns | 2 
300 [8 | 15 | 21] 27 | 30] ns | 2 

von beny EO >4] 6 | 9] | 14 [ns [2 
prop. Deley [sofa] e ||| 16] ns | 2 
faz foros ote t ste fo fe toe Pa 
so [«] es | i] 4 [16] ns | 2 

en ce 
Time, Ary { 300| 6] @ | 14] 9 | 24 | ns | 4 | 
FR Ec 
fo3sv [300 [4 | 7 | a1] i4 | 16 | ns | 4 

em | moutcapactanco | to | v2 | 2 | ve for | 


> 
> 
2) 
<= 
m 
m 
+ 
wn 


AIINW4 LV 











V54ACT640 


V74ACT640 


OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 


FEATURES: CONNECTION DIAGRAMS 
*“ CMOS Replacement for ALS 


* High speed, 5ns Typical 
* TTL Levels, loL/on = 48/24 mA Commercial, 
32/24 mA Military 
*Low Input Current, 1A Max 
*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 


at These inverting 8-bit transceivers allow synchronous 

= rT two way communication between data buses A and B. 

ut The DIR signal controls the direction of data flow. 

rae When DIR is high, data flows from A to B. When DIR is 

OF 5 es 

aa low, data flows from B to A. 
These parts are designed to interface with 3-state DIP and SOIC PLCC and LCC 
buses and I/O ports. The TTL logic levels are ideal for (Top View) (Top View) 





interfacing with high-capacitance, low impedance 
loads on both buses A and B. 





LOGIC SYMBOL 


G 
DIR 


LOGIC DIAGRAM (POSITIVE LOGIC) 


Al 


A2 
A3 
A4 
AS 
AG 
A7 
A8 


FUNCTION TABLE 


DIRECTION | 
ENABLE CONTROL | OPERATION 
G DIR 


L B data to A bus 
L H A data to B bus 
H x Isolation 
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V54ACT640/V74ACT640 


RECOMMENDED OPERATING CONDITIONS 












VALUE 


SYMBOL PARAMETER Max UNIT 


vcs [ewe wine [ae | se [oo | so | se | sa |v 
ee f=(-| | [spel 
Ten [Berane || [2 [= [| [= 
Cin [eee [= fe || feasted v 
Pe [een Les bes | [es [ oof v 


AC CHARACTERISTICS: Inputt,;,t, < 3 nsec 














Voc =5Vt10% 


25°C UNITS |FIGURE 
Max Max Max 


y| 
| 50/3] 6 | 9 | 12] 14 | ns | 


Prop. Delay 
Ato Bor 


W 
O11O 
Pee 


BtoA 


W 
© 
©) 
© 


Prop. Delay 
Output Enable 
toAorB 


Prop. Delay 
Output Disable 
toAorB 


Output Trans. 
Time, Any 
snd 10-90% 


os Input Capacitance 
Output Capacitance 


Power Dissipation 
Capacitance” ( per buffer ) 


30 





pas =e mee 
NO NO N N 101 = 
a 


ie) G W 
© }O1 o1jyOTf— {OTJ—H JO FOLLO [oO 
OO [O10 JO JO JOO JO JO [O/O 


7 







3 


oO 


aw —_ —_ fm —_ _ _ ro faijafeapa —_— 
ol NO MP JO FWD 1O)O)]- = CO 1OjO};M] + e%) 
— — fa —_ —ferwfoifoaind | in /a | a]; ja 

Nh MO IOIRINIA TRIM LR INDIE IN [A [oO] O;hm IN 

= ND —/oufol—o igs [po lpol— [pol ipo 
ALMpOmMmsio;RIMDIR IO [ORIN TRL LO 


*Pr=(Cpp +C, ) Veo ‘fen + log *Veg _, Total power dissipation where n = # of buffers 


S133HS WVG 


¢ 
? 
| 
maa | 
> 
= 
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V54ACT643 


V74ACT643 


OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 


FEATURES: CONNECTION DIAGRAMS 
* CMOS Replacement for ALS 


* High speed, 5ns Typical 
* TTL Levels, lo_/OH = 48/24 mA Commercial, 
32/24 mA Military 
*Low Input Current, 1A Max 
*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 


These true and inverting octal bus transceivers allow 
synchronous two way communication between data 
buses A and B. The DIR signal controls the direction 
of data flow. When DIR is high, data flows from A to B. 
When DIR is low, data flows from B to A. The G signal 
enables the chip. 


A-C-T FAMILY 


Yn) 
a 
WwW 
Lud 
<x 
2) 
<< 
E 
<x 
@) 


DIP and SOIC PLCC and LCC 
These parts are designed to interface with 3-state (Top View) (Top View) 
buses and |/O ports. 





LOGIC SYMBOL LOGIC DIAGRAM (POSITIVE LOGIC) 

G 

DIR 

At 18) By 
A2 1?) Bo 
A3 18) B3 
A4 12) B4 
AS 14) Bs 
AG 13) B6 
A7 Meh 7 
A8 1) Bs 





FUNCTION TABLE 


DIRECTION 
ENABLE | GontRoL | OPERATION 
G DIR 






L L B data to A bus 
L H A data to B bus 
H xX isolation 
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V54ACT643/V74ACT643 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL | PARAMETER 
ee Comm | _Mil_|Comm 


Operating ‘ 
ty Rise and Fall Time 

High Level 

Low Level 













AC CHARACTERISTICS: Input t,,t, < 3 nsec 










Voc =5V410% 


ne °C ve °C «(1125°C | UNITS |FIGURE 
Max 


ee “eri et ele ae 


ie) 









Ato Bor ee ee ee ee 

t PHL pO |S le 9 a2 is) 
300 

Piop. Delay oo La | 8 | 12 | is | a7 [| ns) 2 
Output Enable [|-300 | 6 | 11 | 16 | 21 | 24 | ns | 2 | 

toAorB se ee 
300 | 6 | 14 | 19 | 24 | 28 | ns | 2 

Beebe, pole 2 ee |e ins 2 
Output Disable L501 4 [ 8 | 11 | 14 | 16 | ns | 2 | 

taz |toAorB  |_t0| 3] 7 | 9 | 12 | 14 | ns | 2 | 
| so | 4] 8 | i | 4 | ie | ns | 2 

try | Output Trans. 
Time, Any | 300 | 4 | 8 | 14 | 19 | 21 | ns | 4 | 

pa | 2] 3 4] 5] ns | 4 






Output 10-90% = 
ces Ee ee eee ee ee ee ee 


inten Pe [ofa fafe | 
Power Dissipation 


“Pr =(Cpp +C, ) Veo fn +loo ne , Total power dissipation where n = # of buffers 


& 






5 
> 
” 
< 
m 
m 
— 
” 


AIIWV4 LDV 





| 3 
= 
n- § 
uw 
r 
2 
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DATA SHEETS 








V54ACT645 


V74ACT645 


OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 


FEATURES: 

* CMOS Replacement for ALS 

* High speed, 5ns Typical 

* TTL Levels, lIoL/loH = 48/24 mA Commercial, 

| 32/24 mA Military 

*Low Input Current, 1A Max 

*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 


These 8-bit bus transceivers allow synchronous two 
way communication between data buses A and B. The 
DIR signal controls the direction of data flow. When 
DIR is high, data flows from A to B. When DIR is low, 
data flows from B to A. The G signal enables the 
transceiver. 


These parts are designed to interface with 3-state 
buses and I/O ports. 


LOGIC SYMBOL 
G 
DIR EN1 (BA) 
EN2 (AB) 
At 


A2 
A3 
A4 
AS 
A6 
A7 
A8 


FUNCTION TABLE 


DIRECTION 
ENABLE CONTROL OPERATION 
DIR 


G 

L L B data to A bus 
L H A data to B bus 
x 


H | Isolation 
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CONNECTION DIAGRAMS 


DIP and SOIC PLCC and LCC 
(Top View) (Top View) 


LOGIC DIAGRAM (POSITIVE LOGIC) 


V54ACT645/V74ACT645 


RECOMMENDED OPERATING CONDITIONS 











VALUE 


SYMBOL PARAMETER Max UNIT 


Operating 
a [wee 
th ty Rise and Fall Time 
High Level 
Se == | | peedhuond 
Low Level 












AC CHARACTERISTICS: Input t,,t; < 3 nsec 









ee =5V+10% 


in 125°C 125°C | UNITS \FIGURE 
Max 


Prop. Del 
ad eum See ee ae ew ee Dee 


e 
o>) 
oles 
tt 
—k 
2) 
——s 
NO 
k 


o>) 










| 60 | 3] 5 | 9 | 12 | 14 | ns | 3 | 
| 300 | 6 | 11 | 15 | 19 | 22 | ns | 3 
ae 
Sere Pe eee 
toAorB 50 4 12 15 17 ns 2 
| 300 | s | 12 | 17 | 21 | 24 | ns | 2 | 
es eo ee ee a Ee ee ae 
toAorB 10 4 7 12 14 ns 2 
| 50} 4] 7 | io] 13 | 15 | ns | 2 | 
Output Trans. 
Time, Any | 300 | 5 | 9 | 13 | 17 | 19 | ns | 4 | 
Output 10-80% [50 
: 300) 4 7 Oe ans 
ce pee fw ef 
Power Dissipation | 


=(Cop +C, ) VéQ ‘fen + log *Vec_, Total power dissipation where n = # of buffers 
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V54ACT821 


V74ACT821 


10-BIT BUS INTERFACE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 


FEATURES: 

* CMOS Replacement for ALS 

* High speed, 6ns Typical 

* TTL Levels, lo_/oy = 48/24 mA Commercial, 

32/24 mA Military 

*Low Input Current, 1A Max 

“Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 

These are 10-bit edge triggered flip-flops. The data is 
latched by the low to high edge transition of the CLK 
signal. 

The OC output control signal can be used to place all 
the outputs in active or high impedance state. Data in 
flip-flops can be changed independent of OC. 

These parts have been designed to interface with 
3-state buses and I/O ports or used as working regis- DIP and SOIC PLCC and LCC 
ters. The high drive capability, 48mA | oL/loy , at the (Top View) (Top View) 
TTL logic levels is ideal for interfacing with high-capaci- 
tance, low impedance loads. 


CONNECTION DIAGRAMS 


A-C-T FAMILY 


2) 
- 
Ww 
LJ 
mo 
” 
<< 
- 
<q 
@) 





LOGIC SYMBOL* 
Dn 
EN 
2) < 
20) a4 


[| 2) as 
eRe eet 
ian 
Meee 


LOGIC DIAGRAM (POSITIVE LOGIC)* 


> 
13 >So 


2 


23) at 


3 
22 


Q2 
(21) Q3 


18 
(a7) 28 

Q7 
(18) Og 
(15) 69 
(14) 


D6 
D7 
D8 
D9 
D10 


(9) 
(10) 


us Q10 


: D7 
FUNCTION TABLE (EACH FLIP-FLOP) 


INPUTS 
CLK Q 
H 
L 


Qo 
Z 


| D8 


D9 


D10 





*Note: Pinouts for DIP and SOIC only 
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V54ACT821/V74ACT821 


RECOMMENDED OPERATING CONDITIONS PRELIMINARY 


SYMBOL PARAMETER Mi 


| Mi | Comm | Mi | Comm | Mi__| Comm | 
Operating p55 
Free-Air Temp 
Input 
t. . ty Rise and Fall Time 













High Level 
Low Level 
Input Voltage 


<|< cl< 


ss [eo [sto 
















AC CHARACTERISTICS: INPUT tr ,t# <3 n 
C; Yo=5V Yip =5Vt10% 
SYMBOL | PARAMETER inpF | Min 25°CTyp UNITS | FIGURE 
fad so | 4} 6 | 6! 11 13 1) |. 3 
Prop. Delay root. |... t:  ... |. Ie. 
Clock to Q 50 | 4).6. 1.9 | 12 | 14 | ns | 3 
co he i tS 
: reo oat. 7 1? to se ne 
PZH__| Prop. Delay ewe es a 
OutputEnable [sy [4]. 7_ 1.9 | 12] 14 | ns]. 2 
PZL es ee ee ee eee Ra ee 
ae rer fw i | 
rere ee ee ee 
t 10 

ioc te rol ai 7 te a | ie | me 
tay | Outputtrans. [so | af 2 [3 [ 4 ts [ns [4 
Time, Any PaOth ee of ie We ie 
Output 10-90% [50 |.1].2 | 3 |4 |. 5 [ns | 4 
fs. of ol 
aRea = |-a-} 1} 2-2 | 4 
ee ees ie ee eT ae ee) 
Input Capacitance | 4 | 6 | 6 {| 6 ]or | | 
Output Capacitance | 3 | wf] i { 1 | p | | 
Power Dissipation Cap. (per buffer) | 30 | 35 | 35 | 35 | pF | 


























V, 


Yao=5V [5 =SVEIO% 
eiladid 


25°CTyp 






PARAMETER Min 
its | Min Setup Time, Input D 

to Clock 

Min Hold Time, Clock 

to Input D 

Minimum 
ptw | Pulse Width, Clock 


FIGURE 






10 





LKEN) setup time 
Clock Enable 
CLKEN) hold time 


Maximum Frequency 





78 50] wi | 
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V54ACT822 


V74ACT&22 


10-BIT BUS INTERFACE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 


FEATURES: 

* CMOS Replacement for ALS 

* High speed, 6ns Typical 

* TTL Levels, lo. oy = 48/24 mA Commercial, 

— 32/24 mA Military 
*Low Input Current, 1pA Max 
*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 

FUNCTIONAL DESCRIPTION: 
These are 10-bit inverting type edge triggered flip-flops. 
The data is latched by the low to high edge transition of 
the CLK signal. 
The OC output control signal can be used to place all 
the outputs in active or high impedance state. Data in 
flip-flops can be changed independent of OC. 
These parts have been designed to interface with 
3-state buses and I/O ports or used as working regis- DIP and SOIC PLCC and LCC 
ters. The high drive capability, 48mA | oL/loH , at the (Top View) (Top View) 
TTL logic levels is ideal for interfacing with high-capaci- 
tance, low impedance loads. 


CONNECTION DIAGRAMS 


A-C-T FAMILY 


n 
eae 
LJ 
uJ 
x= 
2) 
< 
- 
<. 
a) 





LOGIC SYMBOL* 


LOGIC DIAGRAM (POSITIVE LOGIC)* 


1 


13 S0 


2 


V 


4 


3 


90FO O} 


bf 
4 Vv Vv 
eolodjoo 


cD C 
Lt op 


4 v 4 4 v 
eet 


eR AR AR AR AA RA RAN A 





*Note: Pinouts for DIP and SOIC only 
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—V54ACT822/V74ACT822 


RECOMMENDED OPERATING CONDITIONS PRELIMINARY 
ees eiareD an 


Ver | swovvone [as | as [so | so | ss [ es| v_ 
mea, [ta | | [=| «|< 

















Input Voltage 













AC CHARACTERISTICS: INPUT tr ,t#t < 3 nsec 
Cr ov Vag =P V£10% 

ees eee inpF_ | Mn | 25‘cTyp vihelielld (ileal 
fon | 560 / 4] 6 |] gf] iif 13 {ns | 3 
Prop. Delay ee ee ee ee es ee ee eee 
Clock to Q | 50 | 4{ 6 | 9 | 12 | 14 | nm | 3 
| B00 ee ee oe Pe ee 
Prop. Delay | 50 | 4{| 7 | Gi ii0f 12 [ns | 2 | 
ae Wor ee oe | ee 
RT a Ee Seer a ee ee 
te | Prop. Delay = 2 ee eee SE ee eK Re ee 
Output Disable | 50 | 4] 7 | 9 | 12 | 14 [| ns [| 2 
ae a ee a ee eee eee eee 
Se ee - e e ,  - 
Output Trans. | 560 | if 2] 3 | 4] $5 {ns [| 4 | 
Time, Any 800s ce ls ref eS al 
Output 10-90% | 50 | 1/ 2 | 3 | 4] #5 | ns [| 4 | 
of 0-3.5V 0008 te ee ee ee he | 
CLA to 0 a ee ee ees ee 
| 300 | fl ld 
Input Capacitance p44 { 6{ 6] cipe | | 
Output Capacitance | 8 | 1 | to | 10 | pe | 
Power Dissipation Cap. (perbutfer) | 30 | 95 | 35 | 35 | pF | 











PARAMETER ek | | UNITS | FIGURE 
Min Setup Time, Input D 

to Clock 

Min Hold Time, Clock 

to Input D 


LKEN) setup time 
Clock Enable 
CLKEN) hold time 


Maximum Frequency 


SYMBOL 
tw Minimum 
Pulse Width, Clock 
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A-C-T FAMILY 


Yn) 
- 
uJ 
Ww 
Be os 
7) 
< 
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<x 
a) 











V54ACT823 


V74ACT823 


9-BIT BUS INTERFACE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 


FEATURES: 
* CMOS Replacement for ALS 
* High speed, 6ns Typical 
* TTL Levels, lo.Aoy = 48 mA Commercial, 
32 mA Military 
*Low Input Current, 1A Max 
*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 


These are 9-bit non-inverting edge triggered flip-flops. 
The nine D-type edge triggered flip-flops enter data on 
a low to high transition of the clock when CLKEN is low. 
CLR input low causes the Q outputs to go low 
independent of the clock. 





The OC output contro! signal can be used to place all 
the outputs in active or high impedance state. Data in 
flip-flops can be changed independent of OC. 


These parts have been designed to interface with 
3-state buses and I/O ports or used as working regis- 
ters. TTL logic levels are ideal for interfacing with high- 
capacitance, low impedance loads. 


LOGIC SYMBOL* 


(9) 
(10) 
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CONNECTION DIAGRAMS 


DIP and SOIC 
(Top View) 


PLCC and LCC 
(Top View) 







LOGIC DIAGRAM (POSITIVE LOGIC)* 
== _ (1) 


Tee, 
(ma 

eek on CPs i= FAL 3) 
on Lg Se ett gy 
D2 5 | SE) a2 
pe FPG) TR, eo, 
pa) tr (20) 4 
os _| FF] TA 09 
pe—2 tre P08) ag 
a) FPS AL og, 
a) Ret TA 19) og 
59 -L12) ae N15) gg 


*Note: Pinouts for DIP and SOIC only 


V54ACT823/V 74ACT823 


RECOMMENDED OPERATING CONDITIONS PRELIMINARY 


PARAMETER _[ Mi [ comm |_| Comm |_Mi| Comm | 7 


Free-Air Temp | 126 C 
Input 
V Low Level V 
IL Input Voltage 


AC CHARACTERISTICS: INPUT tr ,tt < 3 nsec 






































SYMBOL | PARAMETER inpF 25°CTyp UNITS | FIGURE 
t | 50 | 4{ 6 h|lhlUgl | 2] | 4 tls 8 
Prop. Delay | 300 | 
Clock to Q | 50 | 4] 6 | 9 | 12 | 14 | ns | 3 | 
| 50 | 4) 7 | 8B] 1 [| 13 CO 2 
t 
ae reads ee ae ae ee ee ee ee 
ig Me Oa) 
dba a a La A (ees (ee | 
Prop. Delay a ae a NE RS ae Ae Sear ieee 
Output Disable  [ oO-| 4] 7 [| 9 | 12 [| 14 [| ns_ | 2 | 
ine ae ee eee ees ee ee ee (ee 
| 50 | At 7 8 tt 3 ns 
Output Trans. Ee ee ee oes 
Time, Any Oe ee ee ee ee Ren et eee 
Output 10-90% | 50 | a1] 2 { 3 | 4 5 [ns | 4 | 
of 0-3.5V | 300 | 
t aca Ee ee ee 
PLH CLR to Q 
ee eel a eee es ee Ee 
input Capacitance a ee a ee Ee 
Output Capacitance ) 8 | to | to | io | oe | 
Power Dissipation Cap.(perbutter) | 30 | 35 | 35 | 35 | pe | 





“Pr =(Cpp +C, ) Véo ‘fen + loco *Voc_, Total power dissipation where n = # of buffers 


TIMING REQUIREMENTS: INPUT t, , te< 3 nsec 


Yo=5V Yop =5Vt10% 
PARAMETER Min | 25°CTyp 125°CMax UNITS FIGURE 


SYMBOL 
Min Setup Time, Input D Cau 
to Clock 1 
D ’ 
tw Minimum 
Pulse Width, Clock 10 
EN) setup 


3 

















Min Hold Time, Clock 
to Input 
we Clock Enable 
LK ime 


Clock Enable ~ 
CLKEN) hold time 
Fmax Maximum Frequency Le 
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V54ACT824 


V74ACT824 


9-BIT BUS INTERFACE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 


FEATURES: 

* CMOS Replacement for ALS 

* High speed, 6ns Typical 

* TTL Levels, lo.Noy = 48/24 mA Commercial, 

32/24 mA Military 

*Low Input Current, 11.A Max 

*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 

These are 9-bit inverting type edge triggered flip-flops. 
The nine flip-flops enter data on a low to high transition of 
the clock when CLKEN is low. CLR input low causes the 
Q outputs to go low independant of the clock. 


The OC output contro! signal can be used to place all 
the outputs in active or high impedance state. Data in 
flip-flops can be changed independent of OC. 
These parts have been designed to interface with pe non ea 
3-state buses and I/O ports or used as working regis- 

ters. TTL logic levels are ideal for interfacing with high- 
Capacitance, low impedance loads. 


CONNECTION DIAGRAMS 


A-C-T FAMILY 


Y) 
ane 
uJ 
LJ 
<= 
op 
< 
- 
<x 
a) 





LOGIC SYMBOL* 


LOGIC DIAGRAM (POSITIVE LOGIC)* 
ae _ (1) 







oc EN OLEH ee si 
ae (i R (14) 2) 
oon 14N Gc on (2 C Pei 
CLK 13) bc Bi (2) ot LIS (23) Qi 
asi (2 Rents —O 
ierats CRN SoF Tomy eS, 
oe 4) D2 Fa | Pesce! igs 
D3 = : 
cme In — (4) o> 1 
as " $5 FA, 21) ay. 
/ LL“ 5 OD 
O_o 
On (16) Og : ge Ek 
(10). (18) Oo DE (6) =o(4 a> (19) Qs 
2 | FFG] TO 00 og 
OUTPUT _ @) of re 
pF Bo 
L Of , 
f 530) To => (18) Og 
H of 
ae 55 10) a f > (15) Oy 
Z 





*Note: Pinouts for DIP and SOIC only 
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V54ACT824/V74ACT 824 


RECOMMENDED OPERATING CONDITIONS PRELIMINARY 


Operating 
Free-Air Temp 


Input 

Rise and Fall Time 
High Level 

Input Voltage 
Low Level 

Input Voltage 


AC CHARACTERISTICS: INPUT 



















r sec 

cry. | eesv 
SYMBOL PARAMETER in pF Min 25°CTyp 85 ‘CMax UNITS } FIGURE 
| 50] 4] 6 | 8 {| 11 [ 13 | ns [| 3 
Prop. Delay Fea am ae eee (ear eens: eens eet 
Clock to Q | 50 | 4/ 6 | 9 | 12 | 14 | ns | 3 | 
| 300 | | 
ee See Oe ey 2 Ko SG 
haseeeieie! ee a a Ee ee ey ees Pee 
— Enabe 50 | 4] 7 | 9 | 2 | i4 ft ns | 
| 300 | | CC 
Ban Delay rT 1o | | | | | | #| | 
puanipeae aa Oa eo ee 
a | 50 | 4 7 8 tt 138 ns | 
t Output Trans. p50 f at 2 tT 3 fl a4 5 ls 
i Time, Any fee sOOn fe eel te elle ee el 
Output 10-90% | 50 | 1/ 2 | 3 | 41 5 [ns | 4 
BOO ee ne 
CLA to Q | 50 | 4/ 6 | 9 | 12 | 14 | ns [| 3 
eC ee ae ee eres ee eee 
Cin | inputCapactance ss | Sl | | | | pr | 
| Cour | OutputCapacitance | | to | to | 10 | pr TC 
ae 






=5V 
OC 
SYMBOL PARAMETER 25°CTyp |25°CMax |65'CMax |125°CMax UNITS | FIGURE 
ae Min Setup Time, Input D Lae 
to Clock 1 
Min Hold Time, Clock 
to Input D 
tw Minimum 
Pulse Width, Clock 
LKEN) setup time 
H CLKEN) hold time 
Maximum Frequency Lo 
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V54ACT825 


V74ACT825 


8-BIT BUS INTERFACE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 


FEATURES: CONNECTION DIAGRAMS 
* CMOS Replacement for ALS 


* High speed, 6ns Typical 
* TTL Levels, lo_Noy = 48/24 mA Commercial, 
32/24 mA Military 
*Low Input Current, 1p.A Max 
“Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 
FUNCTIONAL DESCRIPTION: 
These are 8-bit edge triggered flip-flops with three output 
enables for multi-use control. The CLKEN low causes 
the flip-flops to accept data on a low to high transition of 
the clock. CLKEN high disables the buffer and latches 
the output Q. CLR input low causes the Q outputs to go 
low independent of the clock. 


The OC output control signal can be used to place all 
the outputs in active or high impedance state. Data in 
flip-flops can be changed independent of OC. 


These parts have been designed to interface with 
3-state buses and I/O ports or used as working regis- 
ters. TTL logic levels are ideal for interfacing with high- 
capacitance, low impedance loads. 

LOGIC SYMBOL* 


DIP and SOIC PLCC and LCC 
(Top View) (Top View) 


A:C:T FAMILY 


op) 
ve) 
Lu 
<= 
ep) 
<{ 
— 
a 
a 





LOGIC DIAGRAM (POSITIVE LOGIC)* 













OCt 
OC2 
OC3 

CLKEN 








ocj—W 
OG2 (2) — 
oo 
CLR a 
CLKEN a = 
CLK > =e LS 
p18. _tp By 22). a z= A, 
p29 CBD ied 
a ee ge Saher 
= 18 sl at 7 
D4 (7) ee 18 Q4 4 2 
poate ee =. are 
pe. ce == 4 
7 Q7 g= 
D8 es rest tl 
FUNCTION TABLE (EACH FLIP-FLOP) = = 1 
tT 8 = 
INPUTS e a: 
=-e > 


Ic 
if 


MK OK LIT I XK 





*Note: Pinouts for DIP and SOIC only 
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V54ACT825/V74ACT825 


RECOMMENDED OPERATING CONDITIONS PRELIMINARY 
ener Peis ee 


Operatin : 
Input 
High Level 

| Vir | inatVotage | 20 | 20 | 
Low Level 
Input Voltage 






























































AC CHARACTERISTICS: INPUT tr _,tf < 3 nsec 
CC 
SYMBOL | PARAMETER M 125°CMax| UNITS | FIGURE 
| 50 | 4 Ug | | 2 a ns 8 
Prop. Delay Re aaa as aes (eae: are eee ee 
5 4 12 14 

Clock to Q E00 4 6 | 12 oe 
[ORT al Ga SRO! | [SE (eee (RES 

' 7 | 8 | at | 13 | ns | 2 
Sic Ba aes | 300 | 
amen (lO: FT PO 
Z ee ae ae ae ee eee (ee 
Prop. Dela a Ce ee (ee eae Ree! RARE ASN A 
ok am RES OSE DR A WERE: ET OY OA 
i eee ee eee ee ee eee 
ee ee ee 
Output Trans. fee ie ee Ni ae 
Time, Any EE PRR ne (ORNS Tee RINE: 
Output 10-90% | 50 | 1] 2 | 3 | 4] 5 | ns | 4 | 
i ee ae es ees eee ee eee 
aE | 50 | 4) h66U UT Lh U8 Tl 2 | 4 ns | 8 
(ce ee ee Be ee es es ee 
Input Capacitance a ee ee 
Output Capacitance fe 0 oe 10 pr 
Power Dissipation Cap. (per butter) | 30 | 95 | 35 | 35 | pe | 













FIGURE 


125°CMax| UNITS 
to Clock 1 3 3 3 
Min Hold Time, Clock 
to Input D 3 3 3 
t Minimum 
Pulse Width, Clock 10 14 16 





LKEN) setup time 
bie Clock Enable -_ 
CLKEN) hold time 
Maximum Frequency ll 





MHz 
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A-C-T FAMILY 


2) 
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V54ACT826 


V74ACT826 


8-BIT BUS INTERFACE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 


FEATURES: CONNECTION DIAGRAMS 
* CMOS Replacement for ALS 


* High speed, 6ns Typical 
*TTL Levels, lo. Noy = 48/24 mA Commercial, 
32/24 mA Military 
*Low Input Current, 1A Max 
*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 
FUNCTIONAL DESCRIPTION: 
These are 8-bit inverting type edge triggered flip-flops with 
three output enables for multi-use control. The CLKEN 
low causes the flip-flops to accept data on a low to high 
transition of the clock. CLKEN high disables the buffer 
and latches the output Q. CLR input low causes the Q 
outputs to go low independent of the clock. DIP and SOIC PLCC and LCC 


ea . : (Top View) (Top View) 
The OC output control signal can be used to place all 

the outputs in active or high impedance state. Data in 
flip-flops can be changed independent of OC. 


These parts have been designed to interface with LOGIC DIAGRAM (POSITIVE LOGIC)* 
3-state buses and I/O ports or used as working regis- 
ters. TTL logic levels are ideal for interfacing with high- 
Capacitance, low impedance loads. 


LOGIC SYMBOL* 

















ame (1 
OC1 — 
OG3 23) — 
_CLR ae 
CLKEN Ll | 
cik-—2)__} a 
bp vp} 2) ar toe) ft 
D2 1 ea =z > 
ne sctle 
terest yy 
Dé a ED io} + 
ee Me aa: 
Dé oa a6 x ©: SL 
pr) 7 oe 
3 Oe Ed Bei aS 
FUNCTION TABLE (EACH FLIP-FLOP) =m: 
Ps ast 
INPUTS OUTPUT rea am 
OC1 OC20C3 CLR CLKEN CLK Q Ps A, 
| - 


Fee 
ir 
Y 


D 
X 
H 
L 
X 
X 
X 
X 





*Note: Pinouts for DIP and SOIC only 
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V54ACT826/V74ACT826 


RECOMMENDED OPERATING CONDITIONS PRELIMINARY 

-e ee 

ZA : 
45 


Free-Air Temp 125 85 
Input 
High Level 
V Low Level . 
IL Input Voltage 
NPUT nsec 
Von =5V410% 


25°CTyp_|25°CMax siete (ndicoatled 

















¢ 
Oo < 




















> 
> 
n 
. a 
m 
m 
on 
On 










Prop. Delay 
Clock to Q 
















Prop. Delay 
Output Enable 




















t pHz Prop. Delay 

Output Disable 4 

sil 
Gintias (500 1) 12.6 |. «1. 6 ine 4.4 
a Time, Any a ae ee ened Sea Ne 
Output 10-90% | 50 | 1] 2 | 3 | 44 5 [ns | 4 
| of 0-3.5V EL a CD (a eT a ee eee 
CLA to Q bee AS a On 8 2, A se 
ee eS aa ea (Ee es (ee 
Input Capacitance p44 | 6 | 6 | 6 foe | 
Output Capacitance a | 10 | to | to | pe | 
Power Dissipation Cap. (per buffer) 0 | 35 | : ar 


Yao=5V CC 

SYMBOL PARAMETER 25°CTyp 85 '‘CMax 1125 ‘CMax UNITS | FIGURE 
to Clock 1 3 

Min Hold Time, Clock 

to Input D 1 3 3 3 

Minimum 

Pulse Width, Clock 10 10 12 14 16 


Clock Enable 





CLKEN) setup time -_ 
ae Clock Enable 

CLKEN) hold time 
Maximum Frequency i! 





its | 
tH 








1 
| 75 | 70 | 
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V54ACT827 


V74ACT827 


10-BIT BUFFERS AND LINE DRIVERS 
WITH 3-STATE OUTPUTS 


FEATURES: | CONNECTION DIAGRAMS 
* CMOS Replacement for ALS 


* High speed, 5ns Typical 
* TTL Levels, lo_/onH = 48/24 mA Commercial, 
32/24 mA Military 
*Low Input Current, 1A Max 
*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 


This 10-bit buffer provides non-inverted bus interface 
buffering for wide data/address and control signals. 
The buffers have NORed output enables for control 
flexibility. 


A-C-T FAMILY 


2) 
- 
Liu 
Lu 
<= 
” 
< 
= 
= § 
@) 


This high performance interface family is designed for 

high capacitance load drive capability. It is compatible 

with the ALS/AS family of TTL parts. DIP and SOIC PLCC and LCC 
(Top View) (Top View) 





LOGIC SYMBOL* LOGIC DIAGRAM (POSITIVE LOGIC)* 


OE (oN P 
OE (13) OEi ) 


(13) 4) 
5 £2) 
D1 ®) 
(a) 


OE2 
po 2 
pi 2) 
pe 
p3 —) 
p4 ©) 


ps — 


pe —2) 


or 
D8 


D9 (11) 
FUNCTION TABLE D6 


INPUTS OUTPUTS | _ D7 
OE1 OE2 Y pe 19) 


(11) 


D2 
p3 -) 
D4 
D5 


D9 


*Note: Pinouts for DIP and SOIC only 
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V54ACT827/V74ACT827 


RECOMMENDED OPERATING CONDITIONS PRELIMINARY 

















SYMBOL PARAMETER 


hatha 
pss [so | 50 | ss] ss| v_ 
tet Tp ia = Bc 


| Veg | Supply Voltage 
~ Operating 55 
Free-Air Temp 
Input 
se Rise and Fall Time 











High Level 
Input Voltage 
Low Level 
Input Voltage 


AC CHARACTERISTICS: 


5°C | UNITS |FIGURE 













Inputt,;,t, < 
Voc =5Vt10% 
C | 85 a | 


~ 
N 































a | | Max 
pio | 12 {| nj} 3 
cee Se ae 
p11 | 13 | ns | 3 
en ee ee eee 
ewe it | 13 | ons | 2 | 
Outeute Gabe tT ts | 
to Ya or Yb 4 FB ee 
| 300 — ae as a ee 
p10 | 4{ 7 | 10] 13] 15 | ns | 2 | 
Prop.Delay | 50 | | | | J eins | 
Output Disable [~10 | 4] 7 | 9 | 12[ | ns | 2 
50 | | | | ts | 
Output Trans. | 50 | 1] 2 | 3] 4{ 5] ns | 4 | 
Time, Any [300 | {| {| | | | nm { 
Output 10-90% [50 [| 7{ 2 | 3|[ 4[ 5] ns | 4_ 
eat 58 ne Sunes am 
feu [mown [fel el [ow] 
Output Capacitance 
eon fies” | ef ofefel | 
Power Dissipation 


*“Pr=(Cpp +C, ) Véo ‘fen + log *Vec_» Total power dissipation where n = # of buffers 
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V54ACT828 


V74ACT828 


10-BIT BUFFERS AND LINE DRIVERS 
WITH 3-STATE OUTPUTS 


FEATURES: 

* CMOS Replacement for ALS 

* High speed, 5ns Typical 

* TTL Levels, loLNon = 48/24 mA Commercial, 

| 32/24 mA Military 
| *Low Input Current, 1p:A Max | 
| “Fully Specified: 5V + 10% Power Supply 
| 50pF and 300pF Loading 
Min and Max over Temperature 

FUNCTIONAL DESCRIPTION: 
This 10-bit buffer provides inverted bus interface 
buffering for wide data/address and control signals. 
The buffers have NORed output enables for control 
flexibility. 


CONNECTION DIAGRAMS 


This high performance interface family is designed for 
high capacitance load drive capability. It is compatible 
with the ALS/AS family of TTL parts. 


A-C-T FAMILY 


“” 

‘ 
ui 
Lu 
< 
op) 
<I 
- 

<= 
@) 


DIP and SOIC PLCC and LCC 
(Top View) (Top View) 





LOGIC SYMBOL* LOGIC DIAGRAM (POSITIVE LOGIC)* 


On ULES 


OE (1) 


(13) <-> 


Do (2) 
pi 2 


(4) 


ap 38) 
OE? 
po —{2 
pi 
D2 ~ 
D3 (5) 


D4 


ps 


peg —2) 


07 
sti 11 
pg 1) 


FUNCTION TABLE 


INPUTS 
1 O82 


D2 
p3 -2 


D4 (6) 
D5 a 


(8) 
(9) 


VV VV VV VV VY 


D6 


D7 
pe) Se 
erm), = 


“Note: Pinouts for DIP and SOIC only 
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V54ACT828/V74ACT 828 


RECOMMENDED OPERATING CONDITIONS PRELIMINARY 





Pp  VALUE ssid 
symBoL | PARAMETER eee ee, a 
re a eee a 
Operating : _ 
Input 











High Level 
Low Level 


AC CHARACTERISTICS: Inputt,;,t; < 


SYMBOL | PARAMETER ie Min 
in pF 


-0.5 














85°C |125°C | UNITS \FIGURE 
Max 













y Max 
coo pey LO} st S| 7] of 2] | 3 
Ato Vace -300 | tts 
B to Yb | 50 | 3] 5 | 8] it | 13 | ons | 3 
300 | | CT ts 
Brae Delay | 50 | 4] 7 | 8] tt] 13] ns | 2 | 
| Output erable: | oCO ef 
toYaorYyo |_50 | 4] 7 [| 9 | 12 | 14] ns | 2 | 
| 300 | a ee ee ee ee ce ee 
| 10 | 4] 7 | 10 | 13 | 15 | ons | 2 
prop.Delay [50 | || | |_| ms | _ 
trip | OutputDisable | 10 | 4] 7 | 9 | 12] 14] ns | 2 | 
so] | | 
Output Trans. a ee 
Time, any [300 |_| || 


ee 10-90% 50 1 


ae Input Capacitance 

Output Capacitance 

( Outputs Off ) 
Power Dissipation 
Capacitance” ( per buffer ) 






7 


(Fe) mk 

Ol © w GO 
Gd as 

Ol >) 

Ww od, 

o1 © 

ue) Ze) Tw 

Ti “Tl 


=(Cpp +C, ) VEO “fen + Io¢ *Vog_, Total power dissipation where n = # of buffers 
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V54ACT841 


V74ACTS841 


10-BIT BUS INTERFACE D-TYPE 
LATCHES WITH 3-STATE OUTPUTS 


FEATURES: 

* CMOS Replacement for ALS 

* High speed, 6ns Typical 

* TTL Levels, lo_Noy = 48/24 mA Commercial, 

32/24 mA Military 

*Low Input Current, 1A Max 

“Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 


These are 10-bit transparent D-type latches. While the 
enable C is high, the Q outputs will follow the data inputs. 
The data at input D is latched when the clock goes low. 


The OC Output control signal can be used to place all 
the outputs in active or high impedance state. The 
latch data can be changed independent of OC. 


These parts have been designed to interface with DIP and SOIC PLCC and LCC 
3-state buses and I/O ports or used as storage elements. (Top View) (Top View) 
The TTL logic levels are ideal for interfacing with high- 
capacitance, low impedance loads. 


CONNECTION DIAGRAMS 


A:C:T FAMILY 


") 
_ 
Ld 
Ww 
Ps 
” 
< 
- 
= § 
a) 





LOGIC SYMBOL* 
1 


LOGIC DIAGRAM (POSITIVE LOGIC)* 





















0813) oc 1 > 
° oe ar 

(2) qg C (23) 
D1 WET: a PE a 








D2 3 


p3 —“4 Lol p 


(9) D4 


(10) 


(11) DS 


EN 
C 
jo bb Vv 
Eee 
aa 
Be eee 
eames 
cae eal 
eae 


D10 


D6 


FUNCTION TABLE (EACH LATCH) ae 


D8 


D9 


*Note: Pinouts for DIP and SOIC only 








V54ACT841/V74ACT841 


RECOMMENDED OPERATING CONDITIONS | PRELIMINARY 


SYMBOL PARAMETER 
4.5 


Operating | 55 | 
Free-Air Temp se 
Input 
t.. ts Rise and Fall Time 
High Level | 20 | 
Input Voltage 
Low Level 
Input Voltage 


C 
SYMBOL | PARAMETER - 
t 
Input D to Q 
| 
Prop. Delay 
Latch Enable 
tPHL C toanyQ 
Prop. Delay 
Output Enable 
Prop. Delay 
Output Disable 
Input Capacitance 
Output Capacitance 
Outputs Oe 
Cc Power Dissipation 
PD Capacitance * (per buffer) 


SL3S35HS Vivd 
ae ee 


FIGURE 
3 


Ps 501] 
Lee 4 
|___50_| 
| 50 
[2807 i 
Sem 
om 


PARAMETER : FIGURE 


Min Setup Time, Input D 
to Latch Enable 


Min Hold Time, Latch 
Enable to Input D 
Minimum 

Pulse Width 
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V54ACT842 


V74ACT842 


10-BIT BUS INTERFACE D-TYPE 
LATCHES WITH 3-STATE OUTPUTS 


FEATURES: CONNECTION DIAGRAMS 
* CMOS Replacement for ALS 


* High speed, 6ns Typical 
* TTL Levels, loLNon = 48/24 mA Commercial, 
32/24 mA Military 
*Low Input Current, 11.A Max 
*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 

These are 10-bit transparent inverting D-type latches. 
While the enable C is high, the Q outputs will follow the 
inverse of the data input. The data at input D is latched 
when the clock goes low. | 
The OC output control signal can be used to place all the 
outputs in active or high impedance state. The latch 
data can be changed independent of OC. 

These parts have been designed to interface with DIP and SOIC PLCC and LCC 
3-state buses and I/O ports or used as storage elements. (Top View) (Top View) 
The TTL logic levels are ideal for interfacing with high- 
Capacitance, low impedance loads. 


D3 
D4 
D5 
NC 
D6 
D7 
D8 


A:C-T FAMILY 


oP) 
tt 
Liu 
uw 
BD 
2) 
has 
Ee 
= § 
a) 





LOGIC SYMBOL* 


{ 
(13) 


1 


13 S0 


2 


aie _ 3 


An 
3 


4 EN 

Cc 

> 

i 
SNS 
6) RB 
OS 
2 
be ee oe 
fee eeee oe eal 
Pee oo eet 


FUNCTION TABLE (EACH LATCH) } coo 


aS 


INPUTS OUTPUT anes 
; re] te 


Q 
7 5 A a 
H 
Qo 
Z 


“Note: Pinouts for DIP and SOIC only 
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V54ACT842/V74ACT842 


RECOMMENDED OPERATING CONDITIONS PRELIMINARY 
VALUE 

















SYMBOL PARAMETER 


High Level 

ir 
V Low Level 
IL Input Voltage 


AC CHARACTERISTICS: INPUT tr ,t# < 3 nsec 
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m 
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Yo=oV Vi =5V#10% 
SYMBOL | PARAMETER nok \|Mn | 2 25°C | 85°C | 125°C | uns | FIGURE 
i Typ Max Max __| Max 
teu | = =: ee ss 
teu | prop Delay ee eae ee Ce De ee: RS Pe 
Input D to Q | 50 | 4 67h] Uo 2 | 4 | ns CT 
aCe eee aE a Se eee eee eae 
| 50 | 4] 6 | 8 | 11 [| +13 | ns | 3 | 
t 
Prop. Delay es ae ae Ee a ee 
LatchEnable  [— 50 | 4] 7 | 9 | 2 | 14 | rs | 3 | 
— re a ee 
50 ; 7 10 12 
ae saad ) | 300 |} 
igs nable [50 [| 4] 7 [ 9 [ 12 [ 14 [ ns [ 2 | 
wae! = a eae ee Rae See, ees eee 
Prop. Delay | el ee ee: ee es ee eee 
Output Disable [50 | 4 | 7 | 10 [| 13 [ 15 | ns | 2 | 
oe | 50 | 4] 7 | 9 | 12 7 14 fons [2 
rat cefsts[ ofr | 
Output visi 
cove | »l#[*[«*l~ | 
Aenean: ay buffer) 





TIMING REQUIREMENTS: INPUT t,; , t¢< 3 nsec 


125°C 
PARAMETER =f Fri 


Min Setup Time, Input D 
to Latch Enable 


Min Hold Time, Latch 
Enable to Input D 
Minimum 

Pulse Width 


UNITS FIGURE 


: 5 
nm 
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V54ACT843 


V74ACT843 


9-BIT BUS INTERFACE D-TYPE 
LATCHES WITH 3-STATE OUTPUTS 


FEATURES: 
* CMOS Replacement for ALS 
* High speed, 6ns Typical 
* TTL Levels, loon = 48/24 mA Commercial, 
32/24 mA Military 
*Low Input Current, 1A Max 
| “Fully Specified: 5V + 10% Power Supply 
| 50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 


These are 9-bit transparent D-type latches. Independent 
of enable C, when PRE is low, the output Q goes high. 
When CLR alone goes low, the output Q goes low. 

When both PRE and CLR are low, the output Q is high. 
When enable C is high the output will follow the data D if 
PRE and CLR are both high. 


The OC output control signal can be used to place all 

the outputs in active or high impedance state. Latch . 

data can be changed independent of OC. LOGIC DIAGRAM (POSITIVE LOGIC)* 

These parts have been designed to interface with { 

3-state buses and I/O ports or be used as storage - > 

elements. Pre—Yol So 
2 


LOGIC SYMBOL* 
13 > 
aa? 


UO DSTeEN 
ON So 
4 


CONNECTION DIAGRAMS 





DIP and SOIC PLCC and LCC 
(Top View) (Top View) 


A-C:T FAMILY 


op) 
— 
uJ 
Lid 
=x 
ep) 
<{ 
- 
<x 
@) 





itd 
= 


(11) a 


a AL 
ofan 


TTT. [ijn [it, Ti Te tit. II. 
1d A 
ote 
vz vel yzl vel vl sel y 


i: 
VV 


iPey 
OMTDO 


R 

“1S 

C 
oD ob Vv 
enero 
fee eee 
aire! 
es 
eee al 
Se 
ee! 


td A 
= 


FUNCTION TABLE (EACH LATCH) 


INPUTS OUTPUT 
E CLR OC Q 


Cc 
X 
X 
X 
H 
H 
L 
X 


FID Ald 
b 


mg) 


D9 10 


<< IT <KX<&< | O 
D 


H 
L 
L 
H 
H 
H 
X 


pe aoe ee Ol see Ol a 


“Note: Pinouts for DIP and SOIC only 
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V54ACT843/V74ACT843 





RECOMMENDED OPERATING CONDITIONS PRELIMINARY. 
Pp Mn Tl a 







Min 
Mi 


5 
Ol 


Supply Voltage 
Operating 
Input 
te. ty Rise and Fall Time 
High Level 
Low Level | 
Input Voltage 


-4 

















so 


5 
> 
” 
< 
m 
m 
— 
¢) 


ee ee 


V 













Cc 
ata 
| oO 
iS) 
#7) 
@ 
© 










Cr Yo=ov Vp =5V410% 
SYMBOL PARAMETER in pF Min 25°CTyp UNITS | FIGURE 
re |i | 13 | ns | 3 
Prop: Delay [300 | an en 
Input D to Q i2_| 14 [| nm | 3 | 
[300 |. fe ah ee 
2 [4 | ns | 3 
'PLH | Prop. Delay [300 | aa i aa 
Latch Enable 
| 65ND | 2 | 44 | | ong | 3. 
veeus 300 | as (ema! ESE 
Bee bey 1_|.13 |] 2 
Output Enable | —2Fr— 2 [aa [ns [2 


{THz Prop. Delay 
Output Disable 
FE 
Input Capacitance 4 
Output Capacitance (Outputs Off) 
Power Dissipation 
Capacitance * (per buffer) 30 





12 


(ee) a 
Onto = io) 
OO fo) fo) 


1 


oO 
TO 


3 


oO 
io) 
ol 


—, _ —_ —_ _ 
GO 


ue) 


ae) 













SYMBOL | PARAMETER Min | 25°CTyp |25°CMax [65°CMax |125°CMax 


Min Setup Time, Input D rae 
to Latch Enable 
Min Hold Time, Latch rena 
Enable to Input Q 

t Minimum 





UNITS | FIGURE 


7 


7 
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V54ACT844 


V74ACT844 


9-BIT BUS INTERFACE D-TYPE 
LATCHES WITH 3-STATE OUTPUTS 


FEATURES: CONNECTION DIAGRAMS 
* CMOS Replacement for ALS 


* High speed, 6ns Typical 
*TTL Levels, lo. on = 48/24 mA Commercial, 
32/24 mA Military 
*Low Input Current, 1pA Max 
*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 


These are 9-bit transparent D-type inverting latches. In- 
dependent of enable C, when PRE is low, the output Q 
goes high. When CLR alone is low, the output Q goes 
low. When both PRE and CLR are low, the output Q is 
high. When enable C is high, the output is the inverse 
of the input if PRE and CLR are both high. 

The OC output control signal can be used to place all the 
outputs in active or high impedance state. Latch data can 
be changed independent of OC. 


These parts have been designed to interface with 
3-state buses and I/O ports or be used as storage 
elements. 


DIP and SOIC PLCC and LCC 
(Top View) (Top View) 


A:C-T FAMILY 


2) 
ke 
LJ 
wu 
D i 
Y" 
<I 
es 
> § 
QO 











LOGIC DIAGRAM (POSITIVE LOGIC)* 


| 2 
\/ 


PrRE—4g’ So 
2 


ypu S 
a C LN _@3) 
LOGIC SYMBOL" Di rd § > at 
ee, cis 
ari) py ane qe + (22) 
Ci D2 Trg 2 7 
PRE 11 4 
cA >< 
C C re] TP en 
iA Sv cee == 61 aa ie aaa 
pond 3 “a 
5 }— xo ET 3 
SL { ” yep pe 
6) ~& C 
a no 4475] ty 
OS antl si ane R - - 
9) ae 
eae é = E 
10) =< (7 tet | N08) 
ee Dé ed & pa 
om 
FUNCTION TABLE (EACH LATCH) = pts C tr Ge 
INPUTS OUTPUT Te 
PRE IR OC Q a 
| 9 C (16) 
re LT 00 


10 


V 


Do 





f 
Be) 


D 
X 
X 
X 
L 
H 
X 
X 


Mm TOK KK OO 


H 
L 
L 
H 
H 
H 
X 


ae he he 


*Note: Pinouts for DIP and SOIC only 
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V54ACT844/V74ACT844 


RECOMMENDED OPERATING CONDITIONS PRELIMINARY 


Min 
SYMBOL PARAMETER 
Operating | 55 | 
5 
2.0 






-4 










Input 
Rise and Fall Time i! 
High Level 
Input Voltage | 20 | 
Low Level 
Input Voltage 


AC CHARACTERISTICS: INPUT tr ,tf < 3 nsec 


2 


=) 


| a [8 
oO; 1S 





Cr bo=5V Vip =9V410% 
SYMBOL PARAMETER in pF Min 25°CTyp 85 °CMax UNITS FIGURE 
fone so | 4 17 18 11 |13 | 01s | 3 
Prope Delay 0 le he a ee 
nak De G 50 | 4 |7 1.9 | 12 | 14 | 1s | 3 
Ea00r ee ee es i ee 
. r SO ha | 7 6 ik fe neds oS 
PLH | Prop. Delay [Ec iad Sees Ge ee eee ee GR ee 
Latch Enable =» [5 14171914214 | ons | 
tPHL. | Cte any? Looe I ee ee 
Prop. Delay =f ee j_4_}_ 8} 8 tt ee 
300 

eh cm OREN RN CT LN a 
0 any Eee a ee et ee 
oy ied ie 
es) ee 0 A NE 

ao ee i ee i 
ie so | 4 1719 | 2 | | ons | 2 
— ie [50 14.1719 12 | 14_ + ons | 3 
[00k 1. i ed 
aR wo r-s0 pal @- | oo | 40 fa | me) o 
ace ae Cee ae a Eas ee Eee! 
vt pefefe[e[wl 

Power Dissipation 


* Pr =(Cpp +C, ) VE «fn + log “Voc _, Total power dissipation where n = # of buffers 
TIMING REQUIREMENTS: INPUT t, , tes 3 nsec 


PARAMETER ° UNITS | FIGURE 


Min Setup Time, Input D 
to Latch Enable / 


Min Hold Time, Latch 
Enable to Input Q 


t Minimum 
id Pulse Width 
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V54ACT845 


V74ACT845 


OCTAL BUS INTERFACE D-TYPE 
LATCHES WITH 3-STATE OUTPUTS 


FEATURES: 
* CMOS Replacement for ALS 
* High speed, 6ns Typical 
* TTL Levels, lo_Noy = 48/24 mA Commercial, 
| 32/24 mA Military 
| *Low Input Current, 1p:A Max 
| *Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 

FUNCTIONAL DESCRIPTION: 
These are octal transparent D-type latches. Independent 
of enable C, when PRE is low, the output Q goes high. 
When CLR alone goes low, the output Q goes low. | 
When both PRE and CLR are low, the output Q is high. 
When enable C is high the output will follow the input D 
if PRE and CLR are both high. DIP and SOIC 
The OC output control signal can be used to place all Tp ew) 
the outputs in active or high impedance state. Latch 
data can be changed independent of OC. 
These parts have been designed to interface with 
3-state buses and I/O ports or be used as storage 
elements. 
LOGIC SYMBOL* 

OC1 

OC2 

0¢3 

CLR 

PRE 

Cc 


CONNECTION DIAGRAMS 


A-C-T FAMILY 


2) 
ae 
Ld 
uJ 
<x 
” 
<I 
- 
<x 
2) 





LOGIC DIAGRAM (POSITIVE LOGIC)* 


Osc 
O00 


—_h, 
Sia 


\V 


BAttd dt id 


ee A ee ee ee et tb | 
1A dl 


vaya 


22 
21 
20 
19 
18 
17 


D1 
D2 


D3 
D4 
D5 


D6 
aa) (16) 


D8 10 15 
FUNCTION TABLE (EACH LATCH) 


OUTPUT 
Q 


EP 


jb be Vv 


Pee 
ASUS 


td 4! 


7 
al 
m 
@) 
im 
O 


D8 


MMM MII KKK] OO 
oO 


<Mx<MM ETC Ieocr 
<xxMMEDIereers 
<x<Drerereecre 
<=txKereeCe ere 
pa Se ned eel ed el ae 
MM MOK KX 
NNNODerwrs 


*Note: Pinouts for DIP and SOIC only 
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V54ACT845/V74ACT845 


RECOMMENDED OPERATING weasel le PRELIMINARY 


Max 
SYMBOL PARAMETER 77 Pa 
L Wee Supply. Voltage 0 | 55 | 
ie | es | 
pre Air Temp 
Fico ane Fall Time el 
High cio 
_(Vo0105 Yoo? 
V Low Level 
IL Input Voltage 













o1 
OT 


S Y 


-40 


2.0 










=f = 


apelaet 











AC CHARACTERISTICS: INPUT < es < = ns 
SYMBOL | PARAMETER in oF Min | 95 om ee UNITS | FIGURE 
teu ee oe ane ee ee 
one Nees Delay 390 ff ff 
Input D to Q | 50 | 4 | 7 8S | 12 fT 4 ns | 8 
Sei 
en | 50 | 4 | 7 8S fT tt fT 13 | ns | 
lt 
C to any Q | 50 | 4} 7 | 9 | 12 | 14 ~+| ns | 3 
| 300 | | | [Jf ft 
Prop. Delay | 60 | 4] 6 ft 8 | ti 13 | ns | 2 
sete Pm (SA CN (| ee (el ee ee 
ipa | 60 | 4 ft 7 8s | 12 | 14 | ns | 
7: ls a a ee ee ee ee 
Bak ipais Cae (ie ae ee: a eee! Cee ee eee 
i Secee ee C  NaN  STa 
100 ee (eee) ee a Seen a es 
| 50 | 4] 7 | 9 | 12 | 14 | ns | 2 | 
ten | PREQ | So} 4} 7 |__| 42 | 14 1 _ns |__3 
CT cae a (Sa aa: (eee! (eee (SE 
ano | 50 | 4 | 7 Uh] lo 2 ta ns | 
300 | | 
| Cep | Power Dissipation oF 
Capacitance * (per buffer) 


*Pr=(Cpp +C, ) Veo ‘f'n + loo "Voc _; Total power dissipation where n = # of buffers 
TIMING REQUIREMENTS: INPUT t, , ts< 3 nsec 


Yo=5V 

SYMBOL PARAMETER Min | 25°CTyp 
Min Setup Time, Input D ae | 

to Latch nable 1 
PtH Min Hold Time, Latch 

Enable to Input Q 
[My 

Pulse Width 
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V54ACT846 


V74ACT846 


OCTAL BUS INTERFACE D-TYPE 
LATCHES WITH 3-STATE OUTPUTS 


FEATURES: CONNECTION DIAGRAMS 
* CMOS Replacement for ALS 


* High speed, 6ns Typical 
* TTL Levels, lo_Non = 48/24 mA Commercial, 
32/24 mA Military 
*Low Input Current, 1A Max 
*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 
FUNCTIONAL DESCRIPTION: 
These are octal transparent D-type inverting latches. 
In- dependent of enable C, when PRE is low, the 


at output Q goes high, When CLR alone is low, the 

= ul output Q goes low. When both PRE and CLR are low, 

0 the output Q is high. When enable C is high, the 

Or output is the inverse of the input if PRE and CLR are DIP and SOIC PLCC and LCC 
aa The OC output control signal can be used to place all (Top View) (Top View) 





the outputs in active or high impedance state. Latch 
data can be changed independent of OC. 

These parts have been designed to interface with 
3-state buses and I/O ports or be used as storage 
elements. 


LOGIC SYMBOL* 





LOGIC DIAGRAM (POSITIVE LOGIC)* 









1 


56 
oc tO 
OC3 


PRE“) >0o—§e-q-3 
— (3 roc (22) 
D1 ro oD Q1 
13 “LR 
a Meet : 
De 4 Hd 5 (21) Q2 
== (11) 4_R 
22 CLR >< 
21 5 (20) 


Q3 
20 


19 
18 
(17 

(16) 
15 


FUNCTION TABLE (EACH LATCH) 


OUTPUT 
Q 


rij. jit. tif. Tit, II, LT 
Ald dd 


(ents dala de 
\/ b 


ed Q4 


(18) Qs 


jb ob Vv! 


ua Q6 


va WZ. v2 o. 7. 


Be) 
© 


(16) 


9 
nn 
™~ 
dP iPS § ae Pee ee a 


Q7 


— (10 (15) 


Q8 


| 
ze) 


MOK ME eH KKK | OO 
© 


<xMM EEE RH coe 
<x KET Ie es 
xxXDeer roc 
KIX reece 
IxXK eee oon 
xxx - or 
NNNOrrtIect 





*Note: Pinouts for DIP and SOIC only 
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V54ACT846/V74ACT846 


RECOMMENDED OPERATING alae Nl PRELIMINARY 


SYMBOL PARAMETER 
Supply. Voltage 
ao Air Temp 


Ree She Fall Time 
High Level 

Input Voltage 
Low Level 

Input EL 









Lp =5VE10% 
135°Gllax| UNITS | FIGURE 


nok 5°CMax 


5 
> 
Yn) 
<= 
m 
m 
— 
w 


AMWV4 LDV 




















teu | pop Delay 
Input D to Q 





—_— 
NO 


300 


ed 
_ 






Prop. Delay 
Latch Enable 
C to any Q 


300 


—_ 
NO 


—, 
_i, 





Prop. Delay 
Output Enable 


—_ 
ine) 





Prop. Delay 
Output Disable 


piel ining (per buffer) 


10 


—_ 
w 






w © oo ra) a) = 
Oo alo oO oO ln on no 
oO olo oO olo oO olo 

ai 

Ce al 

as piA ih bh bh Dh iN iN rm 


—_ 
RO 


enn 
© 
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25 a 
a Cae 
Poe eed 
ae 
ae 
eee 
Pe tees 
eee 
eee | 
fee ed 
Pa | 
eae 
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i é) 
oO 


35 





a ae =5V110% 
25°CTyp |25°CMax |85°CMax |125°CMax| UNITS | FIGURE 
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V54ACTS61 


V74ACTS61 


10-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 


FEATURES: CONNECTION DIAGRAMS 
* CMOS Replacement for ALS 


* High speed, 5ns Typical 
* TTL Levels, lor Noy = 48/24 mA Commercial, 
32/24 mA Military 

*Low Input Current, 1A Max 

*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 

FUNCTIONAL DESCRIPTION: 


These are_10-bit transceivers with control enables 
OEA and OEB. When OEAi is low, the data on bus B is 
transmitted to bus A. When OEB is low, the data on 
bus A is transmitted to bus B. The ten bits provide 
extra bits for parity, clock, or control signals on the bus 
by just using a simple component. 


These parts are designed to interface with 3-state DIP and SOIC PLCC and LCG 
buses and I/O ports. The high drive capability, 48 mA (Top View) (Top View) 

loH/loL_ , at the TTL logic levels is ideal for interfacing 
with high-capacitance, low impedance loads on both 


LOGIC SYMBOL* 


OA (!3les 
OEB = 


A-C-T FAMILY 


”) 
i 
uw 
Lid 
< 
” 
<{ 
- 
6 
@) 





Al 
A2 


10 
(11) 


FUNCTION TABLE 


eee =e 


Isolation 


Latch 


*Note: Pinouts are for DIP and SOIC only 
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V54ACT861/V74ACT861 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage 
Operating 55 
Free-Air Temp 


Rise and Fall Time 

z 
Input Voltage 
Low Level 
Input Voltage 


SYMBOL | PARAMETER Min 
in pF 



















Voc =5V+10% 
5°C |85°C |125°C | UNITS |FIGURE 
Max 


















2. 
Ty, Max | Max 
Se eae cc ee 
MOBCr 300 | 5 [| 8 | 12] 15 | iz [ns | 3 
BtoA | so] 3| 6 | 9 | 12 | 14 
300 21 
mop peay LS, 4] 8 | v2 [is [a7 [ns | 2 
ae Pare er 
t toAorB 

300 | 8 | 15 | 20 | 26 | 29 | ns | 2 
ee a ale Ee ae A a 
Output Disable | 22 | 4 [3 [11 [14 [ote [ons [2 
toAorB | to | 4] 7 | 9 f 12 | 14 |] ns | 2 | 
50} 4] 8 | 11] 14 | 16 | ns | 2 
Output Trans. |_50 | 1 | 2 | 3] 4{[ 5] ns | 4 
Time, Any [300 | #{ 6 | 14 | 19 | 21 | ns | 4 
Output 10-90% [7 so fa [2 | 3 {4 5 [ns | 4 
clic 300 | 3 | 6 | 10 | 13 | 15 | ns | 4 | 
[coor | oupacapactace | 0 | ve | v2 | ve | oe | 

Power Dissipation 
co | Gepsctancn(porbutory | ° | 4 | 4s | 48 | of | 

*“Pr=(Cpp +O, ) Véo ‘fn + loo *Vec_, Total power dissipation where n = # of buffers 
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V54ACT862 


V74ACT&862 


10-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 


FEATURES: 

* CMOS Replacement for ALS 

* High speed, 5ns Typical 

*TTL Levels, Io_ oH = 48/24 mA Commercial, 

32/24 mA Military 

*Low Input Current, 1A Max 

*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 


CONNECTION DIAGRAMS 





> 0 These are 10-bit inverting transceivers with control 

SW enables OEA and OEB. When OEA is low, the inverse 

iy of the data on bus B is transmitted to bus A. When 

- - OEB is low, the inverse of the data on bus A is 

Ze) be transmitted to bus B. The ten bits provide extra bits for 

<o parity, clock, or control signals on the bus by just using 
a simple component. DIP and Sole PLCC and LCC 
These parts are designed to interface with 3-state ee yew ee ew) 


buses and I/O ports. The high drive capability, 48 mA 
IoOH/ lot, at the TTL logic levels is ideal for interfacing 
with high-capacitance, low impedance loads on both 
buses A and B. 


EB 


LOGIC SYMBOL* 


OEA 13) Ai 


OEB 


A2 
At 


A2 
A3 


A4 
A5 


A10 
FUNCTION TABLE 


ENABLE INPUTS 
OPERATION 
OEB OEA 
H L 


B data to A bus 
‘A data to B bus 


A6 


A7 


A8 


AQ 


Isolation 


Latch A10 


*Note: Pinouts are for DIP and SOIC only 
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V54ACT862/V 74ACT 862 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage 


| 
Free-Air Temp 
Rise and Fall Time 
High Level 
Input Voltage 


Low Level : 
Inout Voltage 


in pF 


-5 
2. 
0. 


> 
> 
Yn 
< 
m 
m 
— 
o) 






Voc =5V+10% 
i 1 










5°C | UNITS |FIGURE 


o; 
>) 
es) 
OH 
>) 
N 







































Power Dissipation | 
C 
*P 


T=(Cpp +C, ) Ven ‘fen + log Voc _, Total power dissipation where n = # of buffers 


Max Max Max 
ea ON 
Prop.Deley Ta5g | s [ 6 [ie Lis ar | ns a 
ss ea ee or 
Se 
50 4 12 15 17 2 
Prop. Delay | [3907 [a1 | 16 | 2 | 26 [ns | 2 
— - 
300 15 20 26 29 ns 2 
rae —S00 | 8} 1520) 28) ab ne a 
Prop. Delay [so [a | 8 | it | ta] 16 [ns] 2 
or oe eee MT Se EN 
eee ee ee 
eT 
Re. tat tae ee 
eee em ee ee ee 
Ee 
jm | input Capaciance | to | re | ve | te | oe | 
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V54ACT863 


V74ACT863 


9-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 


FEATURES: 

* CMOS Replacement for ALS 

* High speed, 5ns Typical 

* TTL Levels, loL/AoH = 48/24 mA Commercial, 

32/24 mA Military 
*Low Input Current, 1A Max 
*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 

FUNCTIONAL DESCRIPTION: 
These are 9-bit transceivers with dual-control enables 
OEA1, OEA2 and OEB1, OEB2. When both enables 
are low, the transceivers conduct from one port to the 
other. The nine bits provide the capability to transmit 
parity on the system buses among other possible 
uses. 
These parts are designed to interface with 3-state 
buses and I/O ports. The high drive capability, 48 mA 
loOH/loL_, at the TTL logic levels is ideal for interfacing 
with high-capacitance, low impedance loads on both 
buses A and B. 


SYMBOL* 


2 
3 
4 
5 
6 
Z 
8 
9 


—- 
(=) 


FUNCTION TABLE 


ENABLE INPUTS OPERATION 
OEB1 OEB2 OEA1 OEA2 


B data to A bus 
B data to A bus 
A data to B bus 
A data to B bus 
Isolation 
Isolation 

Latch 
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CONNECTION DIAGRAMS 


DIP and SOIC 
(Top View) 


PLCC and LCC 
(Top View) 


LOGIC DIAGRAM (POSITIVE LOGIC)* 


(13) 
(14) 


A7 


A8 


A9 


*Note: Pinouts are for DIP and SOIC only 





V54ACT863/V74ACT863 


RECOMMENDED OPERATING CONDITIONS 

















VALUE 


SYMBOL PARAMETER Max UNIT 


epeiaus 
Input ae 
tea Rise and Fall Time 
High Level 
a 
Low Level 


AC CHARACTERISTICS: Inputt,;, t; < 3 nsec 


SYMBOL | PARAMETER 25°C 












Voc =5V+10% 


25 i re °C «1125°C | UNITS |FIGURE 
Max 













Output Trans. 
Time, Any 
Output 10-90% 
of 0-3.5V 


te | Input Capacitance 
Power ee 


“Pr =(Cpp +C, ) a fn + loo a7 Total power dissipation where n = # of buffers 


30 


avis Cops] ss] iw] [m3 
Ato Bor 4] 8 {| i | 14 | 16 | ns | 3 | 
jt | BIOA | sot s|{ 5 | 9] 12] 14 
Seesaw Te 
Output Enable |-300 | 7 | 11 | 16 | 21 | 24 | ns | 2 | 
toAorB | 50 | 4 {| io | 13 | 17 | 20 | ns | 2 | 
| 300 | 8 | 15 | 20 | 26 | 29 | ns | 2 | 
Sipubeay | jo | 4] 7 | 9 | 12 | 14 4] ns | 2 
Output Disable | S01 4] 8 [| 41 | 14 | 46 | ns | 2 | 
to AorB Er ae eee ae 
soe ig fn | 4 fi fons fk 
pons | 4 
| 300 | 5 | 9 | 
50 

| 300 | 3. 





Pe is Pe 


efefele To 


fh 
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V54ACTS864 


V74ACT864 


9-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 


FEATURES: 

* CMOS Replacement for ALS 

* High speed, 5ns Typical 

* TTL Levels, lo-/loy = 48/24 mA Commercial, 

32/24 mA Military 

*Low Input Current, 1A Max 

“Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 


These are inverting 9-bit transceivers with dual-control 
enables OEA1, OEA2 and OEB1, OEB2. When both 
enables are low, the transceivers conduct from one 
port to the other. The nine bits provide the capability 
to transmit parity on the system buses among other 
possible uses. 


CONNECTION DIAGRAMS 











DATA SHEETS 


s 
= 
< 
ve 
os 
2 
= § 


DIP and SOIC PLCC and LCC 


These parts are designed to interface with 3-state (Top View) (Top View) 


buses and I/O ports. The high drive capability, 48 mA 
loH/ lot, at the TTL logic levels is ideal for interfacing 


with high-capacitance, low impedance loads on both : 





SYMBOL* 


(13) 
(14) 


13) 
14) 


/V/ 


2 
3 
4 
5 
6 
Z 
8 
9 


—- 
© 


IV VV VV VV 


NAAA AAR AR 


FUNCTION TABLE 


ENABLE INPUTS OPERATION 
OEB1 OEB2 OEA1 OEA2 


B data to A bus 
B data to A bus 
A data to B bus 
A data to B bus 
Isolation 
Isolation 

Latch 


A7 


A8 


A9 





“Note: Pinouts are for DIP and SOIC only 
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V54ACT864/V74ACT864 


RECOMMENDED OPERATING CONDITIONS 













VALUE 


i 

a [Pee Lete| ~ petep = 
en [Bi ansrame |_| [2 [2 [= [a] = 
nC 
roe [ste Les bes | [| [eof 


AC CHARACTERISTICS: Inputt,;, ts < 3 nsec 
Voc =5V+10% 


SYMBOL | PARAMETER 25°C UNITS |FIGURE 
Max 


Bese ieiay rae eee a 


AtoBor 
BtoA 





SYMBOL PARAMETER UNIT 



















1S) 













ak 
O1 
ore 
N 





Prop. Delay 
Output Enable 
toAorB 


— 


= i 3 iD — 23} 5 





Prop. Delay 
Output Disable 
toAorB 


Output Trans. 


WG a) \e%) G) 
alglelslzlelsleSlalglel 
O JO JO 1O [OO JO [O JO [OO SOlO]O 







Time, Any 
Output 10-90% | 50 | 
inc eee 
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V54ACT874 


V74ACT874 


DUAL 4-BIT D-TYPE EDGE-TRIGGERED 
FLIP-FLOPS WITH 3-STATE OUTPUTS 


FEATURES: 

* CMOS Replacement for ALS 

* High speed, 6ns Typical 

* TTL Levels, lo-/loy = 48/24 mA Commercial, 

32/24 mA Military 
*Low Input Current, 1pA Max 
“Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 

FUNCTIONAL DESCRIPTION: 
These two sets of 4-bit registers have independent con- 
trol signals. The CLR input clears the storage elements 
independent of the clock. The data is latched at the low 
to high transition of the clock. 
The OC output control signal can be used to place all 
the outputs in active or high impedance state. Data in 
flip-flops can be changed independent of OC. 
These parts have been designed to interface with 
3-state buses and I/O ports or used as working regis- DIP and SOIC PLCC and LCC 
ters. TTL logic levels are ideal for interfacing with high- (Top View) (Top View) 
Capacitance, low impedance loads. 


CONNECTION DIAGRAMS 


A-C:-T FAMILY 


ep) 
- 
ud 
ud 
< 
42) 
az 
-— 
= § 
a) 





LOGIC SYMBOL* 





LOGIC DIAGRAM 
(EACH QUAD FLIP-FLOP, POSITIVE LOGIC) 


g3 


oo ao o> 


Fore. 





*Note: Pinouts for DIP and SOIC only 
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V54ACT874/V74ACT874 


RECOMMENDED OPERATING CONDITIONS PRELIMINARY 
x Paar 
eee i 


Free-Air Temp -40 128 C 
Input 
IH Input Voltage cco t05 | Vog+9. 
IL Input Voltage 
; r ,t#f < 3 nsec 
Cz Kox5V Yop 5V410% 
SYMBOL | PARAMETER in pF Min 25°CTyp 


P19 














































so [4] 6 T42 | i4_| ns | 3 
Prop.Delay [300 |_| | |_| | | 

Clock to Q (so [| 4] 6 | 9 | 2] “tn | 3 
feo ee fe I ee 

. [50 | 4{| 7 | 6 | | 13 [| ns | 2 | 
PZH | Prop.Delay [soo | |_| | 1 
Output Enable = "so | al 7 | 9 | 2] [ns | 2 
Pz CS (EE eae (| 
Seema (NNEC SP GRR! CSOSA (SENT GANS SREP ONSET 
em ORE AT BRE RC 

ve eM a ee el 
er ie a eee ee 

Output Trans. [50 | 1] 2 | 3 | 4] 5 1ns | 4 
Time, Any so | 1. {| || | 1 

Output 10-00% [50 | 1} 2 | 3] 4 [5 [ns | 4 
of 0-3.5V oO eed We ie le ee el 
aR bo [so | 4] 6 | 9 | | 4 [rs | 3 1 
0 

input Capacitance | 4 | 6] 6{ stor | 
Output Capacitance | 8 | 10 | to | to | | 
Power Dissipation Cap. (per butter | 3s | 35 [or | | 








Yo=5V 
PARAMETER Min | 25°CTyp 
Min Setup Time, Input D Lak. oe | 
to Clock 1 
Min Hold Time, Clock 
to Input D 
Minimum 
tw | BulselWth, Clock 10 
CLKEN) setup time 






Wap =5VE10% 
CMa) ee 








Clock Enable 
CLKEN) hold time 
Maximum Frequency 


5 
> 
2) 
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m 
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— 
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V54ACTS876 


V74ACT876 


DUAL 4-BIT D-TYPE EDGE-TRIGGERED 
FLIP-FLOPS WITH 3-STATE OUTPUTS 


FEATURES: 
* CMOS Replacement for ALS 
* High speed, 6ns Typical 
* TTL Levels, lo/lon = 48/24 mA Commercial, 
32/24 mA Military 
*Low Input Current, 1A Max 
“Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 
FUNCTIONAL DESCRIPTION: 
These two sets of 4-bit registers have inverting outputs 
and independent control signals OC, PRE, and CLK. 
The PRE input low sets_a logic one in the flip-flops and a 
logic low at the output Q's. PRE operates independent of 
the clock. All data is captured during the low to high tran- 
sition of the clock signal. 


The OC output control signal can be used to place all 
the outputs in active or high impedance state. Data in 
flip-flops can be changed independent of OC. 

These parts have been designed to interface with 
3-state buses and I/O ports or used as working regis- 
ters. TTL logic levels are ideal for interfacing with high- 


Capacitance, low impedance loads. 
LOGIC SYMBOL* 


(2) 


INPUTS 
CLK 





9-98 





CONNECTION DIAGRAMS 


M 
= 


co 
pas 
a 

wv 
‘S) 
N 


co 

acm 
AEA 
us 
a0 


DIP and SOIC 
(Top View) 


PLCC and LCC 
(Top View) 


LOGIC DIAGRAM* 
(EACH QUAD FLIP-FLOP, POSITIVE LOGIC) 


; 


*Note: Pinouts for DIP and SOIC only 
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RECOMMENDED OPERATING CONDITIONS PRELIMINARY 
ee BASES 
Pree os 


Supply Voltage 4.5 


Operating 
Free-Air Temp 


| 35 | 40 | 
Input 
Ties Uy Rise and Fall Time 
| 20 | 20 | 
| 05 | 












High Level 
Input Voltage 
Low Level 
Input Voltage 


AC CHARACTERISTICS: INPUT 
C 
| 50 










tr ,tt < 3 nsec 

5 Og I 
25°CTyp wahoo Sci 
eee 




















{PLA ea Se NT a le 
Prop. Delay [300 [fT 
cocktoa «= [80 [| at 6 Te Pe [a Pons Ps 
cea ee a AR SE aS a Inne? 
ee OR 2 OT A DT 
i i a (Te A AR a | Naa AN 
oa ET  A AR 
pz ope Mee Se ee 
fine [repo 
ac) RS aa em (EAE) TS ETNA NR (aE! 
t 
abs so [a 7 a a as ons 
OutputTrans. | _80 [| a{ 2 | 3 [a [os [ns [a | 
Time, Any el ee) ie Ee (aS EE Sew 
Output 10-90% [so [at 2 [3s [a [6 Tas 
Lm | ot o-3.5v el ee aa a A (NE RET 
ae a De 
eA a ES! a ERE EIST 
Inout Capacitance es ee ee 
Output Capacitance | 6 | to | to | 10 | oF 
Power Dissipation Cap. (perbutter) | 30 | 35 | 35 | 35 | pF 
Sip 












~~, 


eo=V % 
SYMBOL | PARAMETER Min | 25°CTyp |25°CMax |85°CMax |125°CMax UNITS | FIGURE 
ite: Min Setup Time, Input D aa 
to Clock 
Min Hold Time, Clock 
to Input D 
tw Minimum 
Pulse Width, Clock 10 
LKEN) setup time 
H CLKEN) hold time _ 
Maximum Frequency Ed 
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V54ACT878 


V74ACT878 


DUAL 4-BIT D-TYPE EDGE-TRIGGERED 
FLIP-FLOPS WITH 3-STATE OUTPUTS 


FEATURES: CONNECTION DIAGRAMS 
* CMOS Replacement for ALS 


* High speed, 6ns Typical 
* TTL Levels, lo_Noy = 48/24 mA Commercial, 
32/24 mA Military 
*Low Input Current, 1A Max 
| “Fully Specified: 5V + 10% Power Supply 
| 5OpF and 300pF Loading 
Min and Max over Temperature 
FUNCTIONAL DESCRIPTION: 


These dual 4-bit registers have synchronous clear (CLR). 
Both data and clear are latched by the low to high 
transition of the clock signal. 


The OC output control signal can be used to place all 
the outputs in active or high impedance state. Data in 
flip-flops can be changed independent of OC. 


These parts have been designed to interface with 
3-state buses and I/O ports or used as working regis- DIP and SOIC PLCC and LCC 
ters. The TTL logic levels are ideal for interfacing with (Top View) (Top View) 

high capacitance, low impedance loads. 


A:C:T FAMILY 


”) 
~ 
Wd 
ve) 
x 
”n 
< 
_ 
<= 
1) 





LOGIC SYMBOL* 


LOGIC DIAGRAM 
(EACH QUAD FLIP-FLOP, POSITIVE LOGIC) 


OG d> 


INPUTS OUTPUT 
CLR CLK D Q 


L 
H 


*Note: Pinouts for DIP and SOIC only 
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V54ACT878/V74ACT878 


RECOMMENDED OPERATING CONDITIONS PRELIMINARY 
SYMBOL PARAMETER 
| Comm 

45 


Free-Air Temp 125 
Input 
t.. ty Rise and Fall Time 












High Level 
Input Voltage 
Low Level 

Input Voltage 


V 
°C 
V 
V 











































AC CHARACTERISTICS: INPUT tr tft < nsec 
CL Uo=bV V..~=5Vt+10% 
SYMBOL | PARAMETER inoF | Min | sect, [5CMax [65CMax |125'CMax| UNITS | FIGURE 
so | 4l.6 | 91 wif «in | 3 
Prop. Delay oe ie 
Clock to O [— 5014]. 6 19 112 114 | ns 
P30 i. J... 
[50 | 4 1.718 | 13 tons 1 
PZH__| Prop. Delay 7 RE ae a RE LE OE 
Queurene ie: bong Oa IO ee 
PZL 300 1 I OO 
amey Nie a ey a (ey ES EN OE SE 
Cutest 
tpLz to 10 
tee Q [—s0_ | 4 | 71 2 te os 
Output Trans. SOLO | 1.2 | 3 | 4 5 [ns | 4 
Time, Any Foe i le ee 
Output 10-90% [501112 1.3 14 1.5 [ns] 4 
of 0-3.5V [300 | |_| | | | | 
ee [50 | 4].6 |e 111 [3 Ds 
ooh ae es oe ie 
Input Capacitance | 4 | 6 | 6 | hh hUc6pd lL cp UL] 
Output Capacitance | 8 | 10 | 10 | 10 | pe | | 
Power Dissipation Cap. (per buffer) | 30 | 35 | 35 | 35 | pF | 
















o=oV Yop 9 V£10% 
PARAMETER Min 25°CTyp 25°CMax |85°CMax 125°CMax UNITS FIGURE 
_ | to Clock 1 
Min Hold Time, Clock 
to Input D 
imum 






Mini 
ete | 
CLKEN) setup time 
[ete | 
CLKEN) hold time 
[Frew [Maximum Freuoney | 
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V54ACT879 


V74ACT879 


DUAL 4-BIT D-TYPE EDGE-TRIGGERED 
FLIP-FLOPS WITH 3-STATE OUTPUTS 


FEATURES: DIAGRAMS 
* CMOS Replacement for ALS 
* High speed, 6ns Typical 
* TTL Levels, lo_-Noy = 48 mA Commercial, 
32 mA Military 
“Low Input Current, 1A Max 
*Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 
FUNCTIONAL DESCRIPTION: 
These dual 4-bit registers have inverting outputs and 
synchronous clear (CLR). Both data and clear are 
latched by the low to high transition of the clock signal. 


The OC output control signal can be used to place all 
the outputs in active or high impedance state. Data in 
flip-flops can be changed independent of OC. 


aete 


a 
NO 


9 
© 


O 


A-C-T FAMILY 


n 
be 
uJ 
Lu 
a 
¢ 2) 
< 
- 
< 
0 | 


These parts have been designed to interface with 
3-state buses and I/O ports or used as working regis- DIP and SOIC PLCC and LCC 
ters. TheTTL logic levels are ideal for interfacing with (Top View) (Top View) 

high capacitance, low impedance loads. 


LOGIC SYMBOL* 








LOGIC DIAGRAM 
(EACH QUAD FLIP-FLOP, POSITIVE LOGIC) 


OG qd> 
>So 


INPUTS OUTPUT 
OC CLR CLK Q 


D 
X 
H 
L 
X 
X 





“Note: Pinouts for DIP and SOIC only 
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V54ACT879/V74ACT879 


RECOMMENDED OPERATING CONDITIONS PRELIMINARY 
- SRAMETER Lm. pe 
alain oboe. Comm Comm 


i 
supply Voltage | 45 | 45 | 50 _ 
Free-Air Temp = ae 
Input 
Ug Ly Rise and Fall Time _——— 
High Level 
| Vin | ingutvottage | 20 | 20 | 
V Low Level 
IL Input Voltage 
PUT tr < 3 


















A 
,i< 


0.5 
UNITS | FIGURE 


V 
V 





















AC CHARACTERISTICS: INPUT t t* < nsec 
Vp =5V£10% | Roun 
SYMBOL | PARAMETER 5 Clfax 
r6 | sl il i itn [3 
siemabeke wo 
cea 50 | 4 [6 [9 | | 14 | ns 3 
rk he ee 
; Te ae aes ee Se ee 
PZH | Prop. Delay Ce ce SR a) (Re (AT SE 
Oupwenble: so we ee ee 
Souder 
Seance! ts} TE 
Ce fac es ke a 
t 
t0Q 50 | 4178) ne | ns 2 
Sncie. ooo le ee a ee a, 
Time, Any on. i 
ae Output 10-90% [50 [11.2 131.4 1.5 [ns |. 4_ 
of 0-3.5V 20 |. 2: hh Or 
Cm tC ee ee 
300 
Input Capacitance | 4 | 6 | 6 | 6 | po | 
Output Capacitance | 8 | 10 | 10 | 10 | pF | 
Power Dissipation Cap. (per buffer) | 35 | 35 | | pF 









10% 
85'°CMax 1125°CMax| UNITS | FIGURE 


Yo=5V 
SYMBOL | PARAMETER Min | 25°CTyp |25°CMax 
ee Min Setup Time, Input D Lae 
to Cloc 1 
Min Hold Time, Clock 
to Input D 1 
t : 





Clock 
tw Minimum 
Pulse Width, Clock 10 
CLKEN) setup time 
Clock Enable _ 
H CLKEN) hold time 
Maximum Frequency a 
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V54ACT880 


V74ACT8&80 


DUAL 4-BIT D-TYPE LATCHES 
WITH 3-STATE OUTPUTS 


FEATURES: CONNECTION DIAGRAMS 
* CMOS Replacement for ALS 


* High speed, 6ns Typical 
* TTL Levels, lo-Noy = 48/24 mA Commercial, 
32/24 mA Military 
| *Low Input Current, 1A Max 
7 *Fully Specified: 5V + 10% Power Supply 
50pF and 300pF Loading 
Min and Max over Temperature 


FUNCTIONAL DESCRIPTION: 


These are dual 4-bit transparent inverting latches. While 
the enable C is high, the output Q will follow the inverted 
input D. When PRE is low, the output Q goes low. 


DATA SHEETS 


The OC output control signal can be used to place all the 
outputs in active or high impedance state. The latch data 
can be changed independent of OC. 


s 
= 
< 
Li. 
iF 
is 
< 





DIP and SOIC PLCC and LCC 
These parts have been designed to interface with (Top View) (Top View) 
3-state buses and I/O ports or used as storage elements. 


LOGIC SYMBOL* 





LOGIC DIAGRAM 
(EACH QUAD LATCH, POSITIVE LOGIC) 


aa y 


INPUTS OUTPUT 
PRE | 3 


O 
Lg 
0 0NO AO OM 


Oo 


D 
X 
H 
L 
X 
X 


N OD eer 





“Note: Pinouts for DIP and SOIC only 
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V54ACT880/V 74ACT880 


RECOMMENDED OPERATING CONDITIONS PRELIMINARY 


ere eiguas, 
Operating | 55 
Free-Air Temp “40 
Input 
ths ty Rise and Fall Time 
High Level 
| Vin | taaeietege | 20 | 20 | 
V Low Level 
IL Input Voltage 















Css | ss] 
es | os | 
P08 v0] 
free foe | 


> 
> 
Yn) 
< 
m 
m 
—_ 
YY) 



































AC CHARACTERISTICS: INPUT tr ,tt < 3 nsec 
Cr . Uo=ov Vag =9V410% 
SYMBOL PARAMETER in pF Min 25°CTyp UNITS FIGURE 
[50 [4 |.7 | 8 | 1 | 13 | ns | 3 
Prop. Delay ee ae ee as Ee ES Ge 
Input D to Q [50]. 4 |. 7 |9 112 [14 | 1s | 3 
So a 
Prop. Delay 5 — — tt ~ a a — —— 3 
: 300 
Latch Enable [so [417 1.9 | 1 | 4 | ns | 3 
tpHL | GtoanyO 200. -| | 
300 
ie a uc STC RN CAT OT 
y PP eO0 ie = sie ee ee el | 
ee ea Pi. fo ie oh 
Output Disable a 1 — 1 1 19 —3— 48 8 i —2— 
10 
to Q 
50 | 4 17. 19 | | 14 [ns [2 
FRE oa Rss fo on ie te (ene 
Eos i be ie 
a so 14 1.7.1.9 | 12 [m4 [ns [3] 
E O0ge. ee 
| Power Dissipation 





Yop =O Vt10% 


UNITS | FIGURE 


Min Setup Time, Input D 
to Latch Enable 7 


Min Hold Time, Latch 
Enable to Input Q 


tw Minimum 
Pulse Width 
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7 

% | | 
: ; 

4 | 
: 

$ | 

% : | 
g ; 7 
% : 
3 

| ¥ 

% : 
; , 
g : : : : 
2 : | 
| 7 | 
: : 

: 

: : 

g | 
g | 
d ; 2 | 
4 : | 
g | , 
z : : 
a : 
4 : : 

4 2 
4% ; 
4 : | 
a | : 
: ; 
Z | | : 
: : : = 
cA ; , 
c4 : | : 
é ! 
Z | | 
g i | 
Z : 
% : 
! | ) - 
3 ; | 
3 : 
Z | 
3 | 
4 
g 
3 : | 
g : 7 : 
g i | | 
Z | 
| : ) : 2 
% : 
2 | : 
2 | 
3 ' : | 
z : : 
2 : | : 
| = 

| : : 

% : | 

g : | 
3 , 
: 2 : : 
$ | 

ca 
q 

% : ) 
¢ i 
g : : 

: ‘ | 
3 : | 

g | 
g | : 
g | | 
% : : | 

g 


TABLE OF CONTENTS 
SECTION III 


LINEAR SIGNAL PROCESSING 


IFOCUCUOM 2G wince tie ca eet et Gaaists eal Cateye ben cua rely kis ee UE Robes See be Sean sh 10-1 
VA033 Video Buffer Data Sheet - Advance Information. .............. ccc cece eee een eens 10-3 
VA705 High Speed, Precision Operational Amplifier Data Sheet............ 0... c eee eee eee eee 10-5 
VA2705 Dual High Speed, Precision Operational Amplifier - Advance Information...................... 10-10 
VA2715 Dual High Speed, Precision Operational Amplifier - Advance Information................0..05. 10-11 
VA4705 Quad High Speed, Precision Operational Amplifier - Advance Information..................06. 10-12 
VA706 High Speed, Fast Settling Operational Amplifier Data Sheet............. 00... cece eee ee eee 10-13 
VA2706 Dual High Speed, Fast Settling Operational Amplifier - Advance Information................... 10-17 
VA2716 Dual High Speed, Fast Settling Operational Amplifier - Advance Information................... 10-18 
VA4706 Quad High Speed, Fast Settling Operational Amplifier - Advance Information.................. 10-19 
VA707 High Slew Rate Wideband Operational Amplifier - Advance Information....................005. 10-20 
VA2707 Dual High Slew Rate Wide Band Operational Amplifier - Advance Information ................. 10-21 
VA4707 Quad High Slew Rate Wide Band Operational Amplifier - Advance Information................. 10-22 


— 
4 
=z 
O 
ep) 
aa 
<I 
Lu 
2 
pa | 


PROCESSING 





tii: 





INTRODUCTION: 
LINEAR SIGNAL 
PROCESSING 


The linear signal processing (LSP) product line 
is part of the system solution for such applications 
as scientific and medical instrumentation, data 
acquisition, process control and general signal 
processing on either side of the A/D and D/A 
conversion block. 

VTC's unique complementary bipolar process 
(CBP) couples high speed with close device matching 
along with laser trimming capability. It forms the ground- 
work for LSP products such as operational, instrument- 
ation, buffer, sample-hold, and transconductance 
amplifiers, comparators, timers, multipliers, and active 
filters. 

As in all product lines offered by VTC, the emphasis 
is on performance and reliability. The devices are 
designed to fit applications where high-performance 
(high slew rate, low offsets or large power bandwidth, 
and output current capability) is required with reliability 
as a premium. 


ONISSSOOUd © 


C 
z 
m 
> 
DO 
Ly 
?) 
z2 
> 
i om 





NOTES 


10-2 


ONISSSDOYd 





TVNSIS YVANIT 


VAO33 


VIDEO BUFFER 
ADVANCE INFORMATION 


FEATURES: CONNECTION DIAGRAMS 
«High Slew Rate: 1300V/s. 

‘Fast Rise Time: 3.0ns 

*High Output Current: +100mA 

*Wide Bandwidth: 100MHz 

«Replace Costly Hybrids 

«Pin Compatible with HA-5033 and LH0033 
Output Short-Circuit Protection 


DESCRIPTION: 


The VA033 is a high speed video buffer amplifier 
designed to supply high current drive to more than 
100MHz. The device will provide +100mA into Top View 
100 ohm loads at slew rates of 1300V/us. The VA033 
offers excellent phase linearity up to 20MHz. It is 
intended to fulfill a wide range of buffer applications 
such as high speed line drivers, video impedance 
transformation, op amp isolation buffer for driving 
reactive loads, and high impedance input buffers for 
high speed A to Ds and comparators. 

The VA033 is offered in either an 8-pin cerdip or 
TO-8, 12-pin metal can. 


Dual-In-Line Package 








= 
KEY PARAMETERS Be 
Supply Voltage.............. 00.00 eee +3V to +6V 2 5 
SI6W Rate: vc aise teaviodet eee enw elie 1000V/us, Min. - n 
Input Offset Voltage............. 10mvV, Max. at 25°C Top View = 
Input Bias Current.................0.0005. 5uA, Max. @) > 
Output Voltage Swing....... +3.5V @ Ry; = 100 ohms - 
Operating Temperature Range............ 0° to 70°C . 
Storage Temperature Range...... .... -65° to +150°C 
Power Dissipation. ..................5. 300mW, Typ. 
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VA705 


HIGH-SPEED, PRECISION 
OPERATIONAL AMPLIFIER 
PRELIMINARY 

FEATURES CONNECTION DIAGRAMS 

-Fast Settling Time: +0.1% in 250 

‘High Slew Rate: 35Vius Duele bec PBeKage 


‘Wide Bandwidth: 40MHz at Ac = +1 

‘Low Offset Voltage: 1mV 

eLow Offset Current: 10nA 

“Ease of Use: Internally Compensated, Unity gain 
stable at CL = 500pF 

«Large Output Current: t50mA 

-Low Supply Voltage Operation: +4V ; Balance 

‘Wide Input Voltage Range: Within 1.5V of V+ and 
0.5V of V- 

«Short Circuit Protection 


DESCRIPTION 

The VA705 is a general purpose operational 
amplifier which combines the attributes of high speed 
with low offset voltage and current. This combination, 
along with a high open loop gain of 20,000V/V, 
allows the amplifier to fit into video processing, as 
well as signal conditioning applications where 
accuracy is at a premium. The same processing 


innovations which permit the high speed/low offset Top View <a 5 
combination also allow very high output currents re) us 
capable of driving large capacitive loads at high speeds. On 
The VA705 is internally compensated for stable SIMPLIFIED SCHEMATIC ae 
operation even when driving capacitive loads of 500pF. ae ve ZZ 
z= 


The wide bandwidth of 40MHz and 35V/us slew rate 
results in +0.1% Settling times of 250ns, which makes 
the amplifier ideal for fast data conversion systems. 

The high output current capability of +50mA allows the 
amplifier to drive terminated transmission lines of 50 Q 
with amplitudes of 5V peak to peak. 





ABSOLUTE MAXIMUM RATINGS 


Supply VoltageS .......... 0... ccc eee eee +6V 
Differential Input Voltage..................... +9V 
Common Mode Input Voltage............ lvs| -0.5V 
Power Dissipation. ............ 0.000. 300 mW 
Output Short Circuit Current Duration. ..... Indefinite 
Operating Temperature Range........... 0° to 70°C 
Storage Temperature Range......... -65° to +150°C 


Lead Temperature (Soldering to 60 Sec.)..... 300°C 
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VA705 













ELECTRICAL CHARACTERISTICS Vg =+5V, Ty = 25°C unless otherwise stated 


ae ee 
ARAMETER SYMBOL} CONDITIONS | MIN | TYP |Max | min | TvP | max | MIN | TYP |MAx | UNITS 
ed Eee 















Input Offset Voltage 















mV 
Tin Tax. este] | ef wt | af 7{ ts 
So LT ll feted To . 
Input Offset Current | | 25} sof | 25] 50 
nA 
Input Common Mode Range V 


Open Loop Voltage Gain 


35 
v eer ee ie 
SRP: 
= 
Av feta | 2{ s{ | 4} i] | 10| 20] | vimv 
a aed ed 
Vout | RL =a 95] OL S| ae mie 


PR =s10 |s25{ [feast | #25] 
romrsowomen tis |__| |7{~] | wl | 7] 


mA 
sere lel | del | fel | 
Vs Ao 
V 
( ) 
dB 


Common Mode 
[Rowcimfaio | WR | ours | se| vol [se{ mol se} vol _ 
Power Suppl 
10- 90% of 
em sells Le Tes fe 
Figure 1 va 
To +0.1% of 
Lae bl ys letat Geek take 
(Figure 1) 
RL =2kQ 
CL =50pF 
© +100mV 
cate [Lol [TT al Te 
Re =2kQ 
1.8 1.8 MHz 
VOUT= 68Vp-p 





Output Voltage Swing 


< 






Minimum Supply Voltage 





























Gain Bandwidth Product av Ss 
40 40 MHz 
wr 1) 


Full Power Bandwidth 
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VA705 


ELECTRICAL CHARACTERISTICS Vg = +5V, Ta = 25°C unless otherwise stated 


| VA7O5N | 


st Ofset Votage Sa Screcem 


mV 

wove: | freee] TL Tal a" 

ot Sameceeres 

nA 

nT oats] [sol ool | | 

re coer set Be a 
-4 {-4.7 -4 |-4.7 
V 
UT = 

Open Loop Voltage Gain on ~ka 4 P10} | = 


As 
oO 


I+ aR 
nn 


wn 
t 
~ + 
Ny) 


For Min. Open 
Loop Gain (Ay 
of 2V/mV 


Common Mode 
Rejection Ratio 


Rejection Ratio 
10- 90% of 
a 1) 
+0.1% 
(Figure 1) 


Gain Bandwidth Product 


Small Signal Rise/Fall Time | tr /ts 


Full Power Bandwidth 
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VA705 


WAFER TEST LIMITS 


Vs = +5V, Ta = 25°C unless otherwise stated 


VA705XK 
PARAMETER SYM | CONDI TIONS LIMIT —_|UNITS 
Voltage OS Max. 
a 
Current 700 |Max. 


Current Max. 
Input Common 
Mode Range V Min. 
Open Loop V/mV 
Voltage Gain | = 2k Min. 
Output Ru =2KQ 
Volt Swi V V Min. 
Ollage owing OUT Ry =51Q +2.5 
Power Supply | mA 
Current Max. 


3 
-4 
4 
For Min. Open 
Loop Gain of 
2Vimv at V 4 = +4 
+2V 





los 
Vom 
Ay 
Is 
Vg 
Common Mode | 
Power Supply 
psn | AVbs= 4050 
Leading Edge 
Fig. 1 


10-90% of 
Slew Rate V/us 
Min 


-@ ‘cer 


Die size = 0.035 x 0.035 inch (1225 sq. mils) 
0.89 x 0.89 mm (0.79 sq. mm) 
ped in die crates (400 die per crate 







Ship 
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TYPICAL ELECTRICAL CHARACTERISTICS 


Vs =t5V, Ta = 25°C unless otherwise stated 


Input Offset 
Voltage 


TMin. © TMax. 


Input Offset 
Current 


Tminto TMax. 


To +0.1% of 
Final Value 


Gain Bandwidth 
Product 


Small Signal Eo =+100mV 
Rise/Fall Time |'t4+ [10-90% (Fig. 1) 
Full Power Ry =2kQ 


Bandwidth BWrP | C,. = 50pf 
VOUT = 6V p-p 


Figure 1: Settling Time and Slew Rate 





APPLICATION INFORMATION 


Layout Considerations: 

As with any high speed wide band amplifier, certain 
layout considerations are necessary to ensure stable 
operation. All connections to the amplifier should be 
kept as short as possible, and the power supplies 
bypassed with 0.1uF capacitors to signal ground. It is 
suggested that a ground plane be considered as the 
best method for ensuring stability because it minimizes 
stray inductance and unwanted coupling in the ground 
signal paths. 

To minimize capacitive effects, resistor values should 
be kept as small as possible, consistent with the 
application. 


Frequency Compensation: 

Although the amplifier is unconditionally stable at a 
non-inverting gain of 1, even when driving a capacitive 
load of 500pF, certain applications require frequency 
response tailoring if such characteristics as bandwidth 
and settling time are to be optimized. 

For applications in which a large value of feedback 
resistor is used (Figure 2), it may be necessary to add a 
small capacitor (C2 = 1-3pF) in parallel with R2 in order to 
minimize settling time. Without C2 the input capacitance 
introduces an additional pole in the loop response, which 
has an adverse effect on stability and resulting settling 
time. 

Also, with capacitive loads of 750pF and larger, it may 
be desirable to decouple the load with a small resistor 
of 10 to 30 ohms (R3, Figure 2) to minimize amplifier 
ringing. 





VA705 


+4mV of 
final value 


Figure 2: Frequency Compensation 
Techniques 


| 


Figure 3: Vos Nulling Method 
OFFSET NULLING 


The configuration of Figure 3 will give a typical V og nulling 
range of +15mV. If asmaller adjustment t range is desired, 
resistor values R1 = R2 can be increased accordingly. For 
example, at R1 = 3.6kQ, the adjustment range is +5mV. 
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VA2705 


DUAL HIGH-SPEED PRECISION 
OPERATIONAL AMPLIFIER 
ADVANCE INFORMATION 


FEATURES: 


«Dual Version of VA705 Fast Settling Op Amp 
«Fast Settling Time: +0.1% in 250ns 

*High Slew Rate: 35V/us 

-Wide Gain Bandwidth: 40 MHz at A c= +1 
eLow Offset Voltage: 1mV 

eLow Offset Current: 10nA 

eLarge Output Current: +50mA 

«Short Circuit Protection 

«Industry Standard Pinout 


DESCRIPTION: 


The VA2705 offers the high-speed (35V/us), 
precision advantages of theVA705 in a dual package 
configuration. The small offsets and open-loop gain 
(20k V/V) make the amplifier ideal for video processing and 
signal conditioning applications where accuracy is at a 
premium. The VA2705 is offered in an 8-pin cerdip, plastic 
or metal can package. 





KEY PARAMETERS 


Supply Voltage. ............ 002. cee eee +4V to +6V 
Differential Input Voltages..................00- +9V 
DIOW Halen ctnsc cei sien hie eae umes 30V/us, Min. 
Input Offset Voltage.............. 2,5, 10mV at 25°C 
Input Offset Current... .......... 15nA Max., at 25°C 
Operating Temperature Range............ 0° to 70°C 
Storage Temperature Range.......... -65° to +150°C 
Power Dissipation. ..................5- 550mW, Typ. 
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CONNECTION DIAGRAMS: 
Dual-In-Line Package 


Top View 


VA2715 


DUAL HIGH-SPEED 
PRECISION OPERATIONAL 
AMPLIFIER 

ADVANCE INFORMATION 


FEATURES CONNECTION DIAGRAM: 
Dual In-Line Package 


«Complete Dual Version of VA705 Fast Settling Op Amp 

«Dual Includes Balance for Both Amplifiers 

«Fast Settling Time: +0.1% in 250ns 

*High Slew Rate: 35V/us Balance 

*Wide Bandwidth: 40MHz at Ac|= +1 IN-4 

‘Low Offset Voltage: 1mvV 

eLow Offset Current: 10nA IN+2 

«Large Output Current: +50mA V- 

«Short Circuit Protection 
Balance 


DESCRIPTION Out-2 


The VA2715 offers the high-speed (35V/s) V+ 
precision advantages of the VA705 in a dual package 
configuration. This dual isunique because it offers 
balancing inputs for both amplifiers for those applications 
which require nulling. The small offsets and high 
open-loop gain (20k V/V) make the amplifier ideal for video 
processing and signal conditioning applications where 
accuracy is ata premium. The VA2715 is available in either 


Top View 








a 14-pin cerdip or plastic package. y = 

o> 

Ro 

KEY PARAMETERS 52 

Supply Voltages. ............. 2.0000 e eee +4V to +6V OF 
Differential Input Voltages. .................005. +9V 
Input Offset Voltage.............. 2,5, 10mV at 25°C 
Input Offset Current.............. 15nA, Max. at 25°C 
SOW Males 268 36 ecu Pst oeoe Be eh 30V/us, Min. 
Operating Temperature. .................. 0° to 70°C 
Storage Temperature.... ............ -65° to +150°C 


Power Dissipation......... dog euie nGaeh oa ae 550mW 
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PROCESSING 


VA4705 


QUAD HIGH-SPEED PRECISION 
OPERATIONAL AMPLIFIER 
ADVANCE INFORMATION 


FEATURES 


eQuad Version of VA705 Fast Settling Op Amp 
«Fast Settling Time: +0.1% in 250ns 

sHigh Slew Rate: 35V/us 

*Wide Gain Bandwidth: 40 MHz at Aci = +1 
eLow Offset Voltage: 1mV 

eLow Offset Current: 10nA 

eLarge Output Current: +50mA 

«Short Circuit Protection 

«Industry Standard Pinout 


DESCRIPTION 


The VA4705 offers the high-speed (35V/us) 
precision advantages of the VA705 in a quad package 
configuration. The small offsets and open-loop gain 
(20k V/V) make the amplifier ideal for video processing 
and signal conditioning applications where accuracy is at a 
premium. The VA4705 is offered in either a 14-pin cerdip 
or plastic package. 





KEY PARAMETERS 


Supply Voltage. ............ 060. cee eee +4V to +6V 
Differential Input Voltages. ..................0.. +9V 
SIGW ANG: a Alene ee Aeaae heen exten, 30V/us, Min. 
Input Offset Voltage.............. 2,5,10mV at 25°C 
Input Offset Current............. 15nA Max., at 25°C 
Operating Temperature Range... ........ 0° to 70°C 
Storage Temperature Range.......... -65° to +150°C 
Power Dissipation. ..................-. 750mW, Typ. 
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CONNECTION DIAGRAM: 


Dual In-Line Package 


Top View 











VA706 


HIGH-SPEED, FAST-SETTLING 
OPERATIONAL AMPLIFIER 
PRELIMINARY 


FEATURES CONNECTION DIAGRAMS 

*Fast Settling Time: +0.1% in 200ns 

*High Slew Rate: 42V/us 

«Wide Bandwidth: 40MHz at Ac, = +1 

«Ease of Use: Internally Compensated, Unity gain 
stable at CL = 500pF 

eLarge Output Current: +50mA 

eLow Supply Voltage Operation: +4V 

«Wide Input Voltage Range: Within 1.5V of V+ and Balance 
0.5V of V- 

«Short Circuit Protection 


DESCRIPTION 

The VA706 is a high-speed general purpose monolithic 
operational amplifier useful for signal frequencies 
extending into the video range. The same processing 

innovations which permit the high speed also 
allow very high output currents capable of driving large 
Capacitive loads at high speeds. 

The high open-loop voltage gain of 5000V/V and high 
slew rate of 40V/us make the VA706 ideal for analog 
amplification and processing of high-speed signals. 

The VA706 is internally compensated for stable 
operation when driving capacitive loads up to 500pF. 
The wide bandwidth of 40MHz and 40V/us slew rate 
results in +0.1% settling times of 200ns, which makes the 
amplifier ideal for fast data conversion systems. 

The high output current capability of +50mA allows the 
amplifier to drive terminated transmission lines of 50 Q 
with amplitudes of 5V peak to peak. 

Along with the high speed and output drive capability, 
a 25nA offset current and trimmable offset voltage 
make the VA706 usable for signal conditioning 
applications where accuracy must be maintained. 


Dual-In-Line Package 


Top View 


SIMPLIFIED SCHEMATIC 


Balance Balance 


ABSOLUTE MAXIMUM RATINGS 


SUDDIV VONAGGS -: oer cassettes les peo eke +6V 
Differential Input Voltage. ................006- +9V 
Common Mode Input Voltage............ IVs] -0.5V 
Power Dissipation.............00 cece eee 300mMW 
Output Short Circuit Current Duration. ..... Indefinite 
Operating Temperature Range........... 0° to 70°C 
Storage Temperature Range......... -65° to +150°C 
Lead Temperature (Soldering to 60 Sec.)..... 300°C 





10-13 


ONISSSIVOUd 
TWNSIS YVSNIT 








VA706 


















ELECTRICAL CHARACTERISTICS Vg = +5V, Ty = 25°C unless otherwise stated 


PARAMETER syMBol_| CONDITIONS _|Min | TyP_|Max [MIN |TvP |max |min_|rvP_MaXx_|UNITS 
mom fos || Talal Pte Pe 


TMin. t0 Tax. 





Input Bias Current 
Input Offset Current 
TMin1o T Max. 
Input Common Mode Range 
Open Loop Voltage Gain 


Output Voltage Swing 


Power Supply Current 


Minimum Supply Voltage 









For Min. Open 
Loop Gain (Ay) 





of ais at 
VO= 


: Common Mode 7 
corn | Ne }se| zo] |se| 7] | se| | |o 


Power Supply” 
10-90% of 
Leading Edge 42 V/us 
Figure 1 
To +0.1% of 
Final Value 
250 250 
(Figure 1) 
Ri = 2k Q 
CL =50pF 40 40 MHz 
(Figure 1) 


Aro tee he le We ee | 
10-90% pts. ze f 





—d 
<< 
= 
o 
2) 
ao 
bo ¢ 
Lu 
ra 
al 


Pa 23 10) @1 =to tw) LC) 








Slew Sevres 


Settling Time 


Gain Bandwidth Product 


Small Signal Rise/Fall Time 














RL 2k | 
Full Power Bandwidth BWep | CL =50pF 2.2 MHz 
VOUT= 6V pp 
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WAFER TEST LIMITS 















Output 
Voltage Swing 






Vs =15V, Ta = 25°C unless otherwise stated 
VA706XK 
PARAME TER | SYM | CONDITIONS | LIMIT — |UNITS 
Input Offset 
Voltage OS 
Input Bias ee 
Current 
Input Offset fies | 
Current los 
Input Common 
Mode Range Vom : 
Open Loop VOUT = £3V V/imV 
Voltage Gain | Ay Ry, =2k Min. 
= +3.5 
OUT | R; =519 
Power Supply mA 
Current Is 10) | Max. 
For Min. Open 
Loop Gain of 
Vg 2V/mv at V5 = 
+2V 
Common Mode 
Power Supply 
Rejection Ratio] PSRR | AVPS=+0.5V 
10-90% of 
Slew Rate SR aoe Edge 
Fig. 1 





Die size = 0.035 x 0.035 inch (1225 sq. mils) 
0.89 x 0.89 mm (0.79 sq. mm) 
ped in die crates 







Ship 





VA/06 


TYPICAL ELECTRICAL CHARACTERISTICS 
Vs =15V, Ta = 25°C unless otherwise stated 


VA706XK 
PARAMETER | SYM_ | CONDITIONS {TYPICAL |UNITS 


Input Offset 
Voltage ’ 
TMin. © TMax. OS 


Input Offset 
Current 


Tminto TMax. 


To +0.1% of 
Final Value 


(Fig. 1) 


Gain Bandwidth G 
Product 


Settling Time 


Small Signal Eo =1100mV 
Rise/Fall Time | 't4+ | 10-90% (Fig. 1) 


Full Power 


Ry =2kQ 
Bandwidth 


VOUT = 6V p-p 
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VA706 


Figure 1: Settling Time and Slew Rate 








Settling Time 


+4mV of 
final value 





APPLICATION INFORMATION Figure 2: Frequency Compensation 
: Techni 
Layout Considerations: ues 
As with any high speed wide band amplifier, certain (9) C2 = 1 - 3pF 


layout considerations are necessary to ensure stable 
operation. All connections to the amplifier should be 
kept as short as possible, and the power supplies 
bypassed with 0.1uF capacitors to signal ground. Itis 
suggested that a ground plane be considered as the 
best method for ensuring stability because it minimizes 
stray inductance and unwanted coupling in the ground 
signal paths. 

To minimize capacitive effects, resistor values should 
be kept as small as possible, consistent with the 
application. 


Frequency Compensation: 

Although the amplifier is unconditionally stable at a 
non-inverting gain of 1, even when driving a capacitive 
load of 500pF, certain applications require frequency 
response tailoring if such characteristics as bandwidth 
and settling time are to be optimized. 

For applications in which a large value of feedback 
resistor is used (Figure 2), it may be necessary to adda 
small capacitor (C2 = 1-3pF) in parallel with R2 in order to 
minimize settling time. Without C2 the input capacitance 
introduces an additional pole in the loop response, which 
has an adverse effect on stability and resulting settling 
time. 

Also, with capacitive loads of 750pF and larger, it may 
be desirable to decouple the load with a small resistor 
of 10 to 30 ohms (R3, Figure 2) to minimize amplifier 
ringing. 
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PROCESSING 





The configuration of Figure 3 will give a typical V Og _nulling 
range of +25mV. If a smaller adjustment t range is desired, 
resistor values R1 = R2 can be increased accordingly. For 
example, at Al = 1.3kQ, the adjustment range is +15mvV. 
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VA2706 


DUAL HIGH-SPEED, 
FAST-SETTLING 
OPERATIONAL AMPLIFIER 
ADVANCE INFORMATION 


FEATURES: CONNECTION DIAGRAMS: 
-Dual Version of VA706 Fast Settling Op Amp 
-Fast Settling Time: +0.1% in 200ns 

eHigh Slew Rate: 42V/us 

«Wide Gain Bandwidth: 40 MHz at Aci = +1 
*Low Offset Voltage: 4mV 

eLow Offset Current: 25nA 

eLarge Output Current: +50mA 

«Short Circuit Protection 

«Industry Standard Pinout 


Dual-In-Line Package 


DESCRIPTION: 


The VA2706 offers the high-speed (40V/us) Top View 
fast settling advantages of the VA706 in a dual package 
configuration. The high slew rate, output drive and open 
loop-gain (5k V/V) allows the amplifier to fit analog Metal Can 
amplification and high-speed processing applications 
capable of driving large capacitance loads at high speeds. 

The VA2706 is offered in an 8-pin cerdip, plastic or metal 
can package. 








we 
Di 
Op 
KEY PARAMETERS m2 
Supply Voltage. ..............0 0c cece ee +4V to +6V . g o 
Differential Input Voltages..................0.. +9V Top View @ > 
SIOW Hale acne cdwtke eakwdees wes: 38V/us, Min. 
Input Offset Voltage.................000. 10mV Max. 
Input Offset Current... .......... 15nA Max., at 25°C 
Operating Temperature Range............ 0° to 70°C 
Storage Temperature Range.......... -65° to +150°C 
Power Dissipation. .... .............5- 550mW, Typ. 
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VA2716 


DUAL HIGH-SPEED, 
_FAST-SETTLING 

OPERATIONAL AMPLIFIER 

ADVANCE INFORMATION 


FEATURES : CONNECTION DIAGRAM: 

Complete Dual Version of VA706 Fast Settling Op Amp 
_ *Dual Includes Balance for Both Amplifiers 

-Fast Settling Time: +0.1% in 200ns 

eHigh Slew Rate: 42V/us 


Dual In-Line Package 


Balance 
*Wide Bandwidth: 40MHz at Aci= +1 Na 
eLow Offset Voltage: 4mV : 
sLow Offset Current: 25nA | IN+2 
eLarge Output Current: +50mA 


«Short Circuit Protection ss 
Balance 
DESCRIPTION Out-2 
The VA2716 offers the high-speed (40V/us) 
fast settling advantages of theVA706 in a dual package 
configuration. This dual is unique because it offers 
balancing inputs for both amplifiers for those applications Top View 
which require nulling. The high slew rate, output drive and 
open-loop gain (5k V/V) allows the amplifier to fit analog 
amplification and high speed processing applications, 
capable of driving large capacitance loads at high speeds. 


V+ 











a S The VA2715 is available in either a 14-pin cerdip or plastic 

OR package. 

aa 

<8 

=a 

a” KEY PARAMETERS 
Supply Voltages. ................0 022s +4V to t6V 
Differential Input Voltages. .................06. +9V 
Input Offset Voltage.............. 2... 10mV at 25°C 
Input Offset Current.............. 15nA, Max. at 25°C 
SIOW Rate ccncs ia dee we taeae a eae goa a 38V/us, Min. 
Operating Temperature................... 0° to 70°C 
Storage Temperature ................ -65° to +150°C 
Power Dissipation. ..................0000 00 550mW 
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FEATURES 

eQuad Version of VA706 Fast Settling Op Amp 
-Fast Settling Time: +0.1% in 200ns 

«High Slew Rate: 42V/us 

«Wide Bandwidth: 40MHz at Ac, = +1 

eLow Offset Voltage: 4mV 

«Low Offset Current: 25nA 

eLarge Output Current: +50mA 

«Short Circuit Protection 


DESCRIPTION 
The VA4706 offers the high-speed (40V/ps) 

fast settling advantages of the VA706 in a quad package 
configuration. The high slew rate, output drive and 
open-loop gain (5k V/V) allows the amplifier to fit analog 
amplification and high speed processing applications, 
capable of driving large capacitance loads at high speeds. 

The VA4706 is available in either a 14-pin cerdip or plastic 
package. 





KEY PARAMETERS 


Supply Voltages. ............. 0.000 . t4V to t6V 
Differential Input Voltages...................0-- +9V 
Input Offset Voltage.................. 10mV at 25°C 
Input Offset Current.............. 15nA, Max. at 25°C 
Slew Rates ees. 200 50¢sd andes Ce eeoleaeeawes 38V/us, Min. 
Operating Temperature................... 0° to 70°C 
Storage Temperature................ -65° to +150°C 
Power Dissipation. ................0000008e 750mW 


VA4706 


QUAD HIGH-SPEED, 
FAST-SETTLING 
OPERATIONAL AMPLIFIER 
ADVANCE INFORMATION 


CONNECTION DIAGRAM: 


Dual In-Line Package 


Top View 
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VA707 


HIGH SLEW RATE, 
WIDEBAND 
OPERATIONAL AMPLIFIER 
ADVANCE INFORMATION 


FEATURES CONNECTION DIAGRAMS: 
*High Slew Rate: 150V/us 

*Wide Gain Bandwidth: 200 MHz at A g,= +5 
¢Full Power Bandwidth: 7.5MHz 

-Low Offset Voltage: 5mV Balance 
eOpen Loop Gain: 10k V/V 
eHigh Output Current: +50mA 


Dual-In-Line Package 


DESCRIPTION 


The VA707 provides the same high performance as Balance 
the VA705 and VA706, but the design has been 
optimized for circuits with gains greater than 5. This 
design change in the VA707 increases the slew rate 
to 150V/us and gain bandwidth product to 200MHz. 
As with the VA705 and VA706, it is especially suited 
to video processing and signal conditioning 
applications where speed and accuracy are ata 
premium. The +50mA output capability allows the 
amplifier to drive large capacitive loads at high 
speeds in addition to delivering a 5V p-p output to a 50 








205 ohm terminated transmission line. The VA707 is offered 

6s in an 8-pin cerdip, plastic or TO-99 metal can package. 

nn 

xo 

aw Oo Top View 

Za KEY_ PARAMETERS 

> Supply Voltage. ................ 0c eee +4V to +6V 
Differential Input Voltages...................-. +9V 
Slew Rate..................2.-.. ... .100V/us, Min. 
Input Offset Voltage..... ........ 10mV, Max. at 25°C 
Operating Temperature Range............ 0° to 70°C 
Storage Temperature Range.......... -65° to +150°C 
Power Dissipation. .................05. 300mW, Typ. 
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FEATURES 


*Dual Version of VA707 Fast Settling Op Amp 
*High Slew Rate: 150V/us 

«Wide Gain Bandwidth: 200 MHz at Ac, = +5 
*Full Power Bandwidth: 7.5MHz 

eLow Offset Voltage: 5mV 

Open Loop Gain: 10k V/V 

eHigh Output Current: +50mA 

«Industry Standard Pinout 


DESCRIPTION 


The VA2707 is a dual version of the VA707. The 
design has been optimized for circuits with gains 
greater than 5. The VA2707 offers the same high slew 
rate of the VA707 (150 V/us) and gain bandwidth product 
to 200MHz. As with the VA707, it is especially suited to 
video processing and signal conditioning applications 
where speed and accuracy are ata premium. The t50mA 
output capability allows the amplifier to drive large 
capacitance loads at high speeds in addition to delivering 
a 5V p-p output to a 50 ohm terminated transmission line. 

The VA2707 is offered in an 8-pin cerdip, plastic or 
TO-99 metal can package. 





KEY PARAMETERS 


Supply Voltage. ........... 0.0.2 eee eee +4V to +6V 

Differential Input Voltages..................00- +9V 

Slew Rate. . 0.0.0.0... ccc cee wees 100V/us, Min. 
Input Offset Voltage.............. 10mV Max. at 25°C 
Operating Temperature Range.... ........ 0° to 70°C 
Storage Temperature Range....... ... -65° to +150°C 
Power Dissipation. ..................6. 550mW, Typ. 


VA2707 


DUAL HIGH SLEW RATE, 
WIDEBAND 
OPERATIONAL AMPLIFIER 
ADVANCE INFORMATION 


CONNECTION DIAGRAMS: 
Dual-In-Line Package 


Top View 
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VA4707 


QUAD HIGH SLEW RATE, 
WIDEBAND 
OPERATIONAL AMPLIFIER 
ADVANCE INFORMATION 


FEATURES CONNECTION DIAGRAM: 
-Quad Version of VA707 High Speed Op Amp 
sHigh Slew Rate: 150V/us 

Wide Gain Bandwidth: 200 MHz at A 9, = +5 
«Full Power Bandwidth: 7.5MHz 

‘Low Offset Voltage: 5mV 

«Open Loop Gain: 10k V/V 

eHigh Output Current: +50mA 

«Industry Standard Pinout 


Dual In-Line Package 


DESCRIPTION 

The VA4707 is a quad version of the VA707. The 
design has been optimized for circuits with gains 
greater than 5. The VA4707 offers the same high slew 
rate of the VA707 (150 V/us) and gain bandwidth product 
to 200MHz. As with the VA707, it is especially suited to Top View 
video processing and signal conditioning applications 
where speed and accuracy are at a premium. The t50mA 
output capability allows the amplifier to drive large 
capacitance loads at high speeds in addition to delivering 











—_ 

= a 5V p-p output to a 50 ohm terminated transmission line. 

oO D The VA4707 is offered in a14-pin cerdip or plastic package. 

Y) 

ol | 

zo 

Za KEY PARAMETERS 
Supply Voltage............. 0.0002 +4V to +6V 
Differential Input Voltages. .................... +9V 
SICW Adle sa oii eens ete sas 100V/us, Min. 
Input Offset Voltage. ............. 10mV Max. at 25°C 
Operating Temperature Range............ 0° to 70°C 
Storage Temperature Range.......... -65° to +150°C 
Power Dissipation..... ............05. 750mW, Typ. 
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INTRODUCTION: 
BIPOLAR 
SEMICUSTOM 


VTC's semicustom products offer solutions for 
linear/digital bipolar and high-speed digital bipolar 
circuits. 

The VJ800 family of analog master chips is a cost- 
effective solution for low-volume linear/digital 
applications. 

The VL1000 Linear Bipolar Cell Library has flexible, 
high performance LSI linear/digital solutions on a 
common chip. It consists of a predefined cell library 
with versatile linear and digital functions. 

The VL2000 High Performance Digital Bipolar Cell 
Library provides sophisticated cell-based subnano- 
second circuitry which solves digital systems problems 
with either TTL or ECL input/outputs. 

Full custom designs are available where volumes 
or system requirements make this a more viable 
solution. 

All semicustom products are workstation and 
personal computer-based, with excellent 
documentation and applications support. 
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FEATURES 

°636 Transistors 

°706 Resistors, 150 Q to 15k Q 

°18 On-Chip Junction Capacitors 

«Suitable for 5V or 12V Power Supplies 

*NPN, fT of 80OMHz Minimum 

*Economical Chip Size: 126x126 Mils 

*Two-Layer Metal for Excellent Utilization and Routability 

¢1.5ns CML Functions Easily Integrated 

*Workstation/PC-Based Schematic Entry and Simulation 
Available 

«Accommodates up to 40 Pins 


APPLICATIONS 
«Peripherals 

eInstrumentation 
¢Telecommunications 
*Discrete Circuit Replacement 
«Analog Signal Processing 
eLinear/Digital Subsystems 
-Linear LSI Subsystems 


DESCRIPTION 

The VJ800 Analog Master Chip is a versatile, high- 
performance, bipolar integrated circuit containing prediffused 
transistors, resistors and capacitors. The components inter- 
connect to define either analog or associated 1.5ns current 
mode logic (CML) functions. Diffused resistor values are user- 
programmable. Implanted resistors have fixed taps. 

The chip is ideal for high-performance amplifiers with low- 
noise inputs—for example, in disk or tape drives. The VJ800 
component library is available on diskettes for schematic 
entry and SPICE simulation. 


ORGANIZATION 

The VJ800 Analog Master Chip is organized with 
components symmetrical around the Y-axis. This organization 
allows for maximum density and routability. 

On the VJ800 chip periphery are 40 bonding pads and 18 
SpF junction capacitors. 

The low-noise NPN transistors are located at the top of the 
chip and arranged in a common-centroid configuration for low 
offset voltage and differential input stage use. These transistors 
are located close to the I/O pads and across the chip from the 
power transistors to avoid noise or crosstalk. 

The power-transistors are located at the bottom of the chip 
and close to the bonding pads. 

The small NPN transistors at the center of the chip are laid 
out for easy current mode logic (CML) implementation. A two- 
input CML NOR gate can be formed from each cell. These 
transistors can also be used for analog functions. 

The remaining small and medium NPN transistors are 
uniformly positioned around the chip for easy use. 


VJ800 
ANALOG MASTER CHIP 


The two-collector PNP transistors are evenly divided into 
two groups centered on the Y-axis between the small transis- 
tors in the center of the chip and the large transistors on the 
outer chip edge. 

The diffused and implanted resistors are located near the 
transistor cells for easy connection. The diffused resistors are 
available in approximately 20-Ohm increments while the 
implanted resistors have fixed taps. Resistors can be placed 
in series or parallel combinations. 

Components are interconnected using two layers of metal. 
Unused components can be routed over to increase component 
utilization and to ease routing. 


EVALUATION CIRCUIT 

A VJ800 evaluation circuit is available to allow the 
prospective user to easily evaluate performance. The evalua- 
tion circuit contains a bandgap reference, a 733 video amplifier, 
a 4-bit counter and an operational amplifier implemented on a 
single chip and available in a 40-pin DIP package. 


DESIGNING 

Designing with the VJ800 is straightforward. The design kit 
provides all information necessary to design on a workstation 
or computer and includes: 

e VJ800 User's Guide 

e Analog Master Chip Design Manual 

e VJ800 component library on diskette for Mentor Graphics 
workstation, with instruction manual 

e@ Symbolic mylar plot for layout 

The VJ800 component library is used on a Mentor Graphics 
workstation for schematic entry and simulation, or simulation 
models from the User's Guide can be loaded into any computer 
running SPICE simulation. 

The VJ800 User's Guide and Design Manual provide detailed 
information to aid the user in Analog Master Chip design philos- 
ophy, circuit design and simulation, circuit layout and forms for 
easy transmittal of circuit test requirements. 


TESTING 


The VJ800 User's Guide specifies requirements for automatic 
circuit testing. 


SUBMITTAL 

When design is complete, the circuit components are inter- 
connected on the mylar plot by the user (or, for an optional 
charge, this can be done by VTC Incorporated). The circuit 
schematic, test specification and mylar plot are then forwarded 
to VTC. VTC will enter the data into its CAD system, fabricate 
masks and wafers, package, test and ship 15 prototypes. 
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VJ800 


VJ800 COMPONENT LIST: 


NEN [Meum Fair 2a rico ee 
[NPN [Low Noise Tansiston 10mA——SCSCS~S*~*dTN OMe | 
[wen over Fanssor eon nso sano ie 
[NEN [Meum Sehotig an [1906 Y= 800 wre 
NN] 
PNP 






— 
[755 pie Fse0 [600 Ohm Resistor vi vee 
[IMPLANT [92K OhmResistor——SSCSC*~*~<S~*~diOTSSTTSTS*d pd ey 

end 


a IMPLANT 15K Ohm Resistor Tapped (Note 4) 
NOTES: 


(1) Minimum single value is 130 Ohm. 

(2) Minimum single value is 150 Ohm. 

(3) Fixed tap values of 1.6K Ohm and 3.2K Ohm. 
(4) Fixed Tap Values of 5K, 10K and 15K Ohm. 








ELECTRICAL CHARACTERISTICS: 
TRANSISTORS 


=i NIN 
wo 
i) 













RESISTORS: 


LINEAR QUADRATIC CAPACITANCE SERGEY 
RESISTOR TEMPERATURE TEMPERATURE PICOFARAD : 
NAME TYPE COEFFICIENT COEFFICIENT OV BIAS Aes MATCH (note 3) 
B DIFFUSED 3.0 10-* 5.8 10° 0.136 a 





IMPLANT 29.2 x 10-4 6.9 x 1076 0.114 
IMPLANT 29.2 x 10-4 6.9 x 10-6 0.192 
NOTES: 


(1) Switching time and frequence response will be best at maximum Ic. 
(2) Applies to each of the two collectors. 
(3) Adjacent resistors in the same plane. 
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FEATURES: 

@ Low-Noise 733 Video Amplifier 
e Bandgap Voltage Reference 

@ 4-Bit CML Counter with TTL I/O 
@ CML Bias generator 

e@ 0.5mA NPN Transistor 

@ 8mA Schottky NPN Transistor 
e Lateral PNP Transistor 


DESCRIPTION: 

The VJ801 Evaluation Chip contains several analog and 
digital circuits that were built using the VJ800 Analog Master 
Chip. This chip serves as a vehicle for evaluating the 
capabilities of the VJ800 Analog Master Chip. All inputs and 
outputs of the individual circuits are pinned-out individually to 
allow for evaluation of each circuit separately. Several of the 
VJ800 transistors are also pinned out individually for 
evaluation. 


733 VIDEO AMPLIFIER: This circuit is a low-noise version of 


the industry-standard 733 video amplifier. Nominal voltage 
gains of 10, 100 or 300 are available depending upon 
connections to the gain select pins. 

BANDGAP VOLTAGE REFERENCE: This circuit provides a 
temperature and power supply voltage compensated voltage 
reference of approximately 1.13 volts. 

4-BIT COUNTER: The 4-bit counter is implemented with 
current mode logic (CML) internally. TTL input and output 
buffers are provided so that ail !/O is TTL compatible. 


CONNECTION DIAGRAM: 


VBB3 
CLOCK 
PRESET 
CLEAR 
DO 

VCS 

NC 


VCC (+5V) 

D1 

VBB1 

GND 

T30S(B) 

T30S(E) 

T30S(C) 
VCC (+5V) NC 

VOUT_BG VIN1_733 


GS1A NC 
GS1B VIN2_.733 


GND NC 
D2 VCC (+5V) 
TLP1(E) VEE (—5V) 
TLP1(C) GS2A 
TLP1(B) GS2B 
D3 T3(E) 
VOUT2_733 T3(B) 
VOUT1_733 T3(C) 
VBB2 NC 


ON notBtWN > 





VJ801 

EVALUATION CHIP 

FOR THE VJ800 
ANALOG MASTER CHIP 


FUNCTIONAL 
BLOCK DIAGRAM: 


VCC (+5V) 


GSIA C) 


GS2A () 


C) VouT1_733 


VINT_733 ( ) -f 


VIN2_733 ( ) 


— = 


C) vouT2_733 


C) vouT_BG 


CLEAR 4 BIT 
O COUNTER UO) bo 


CLOCK & ae ® D1 
PRESET ( ) = & D2 


( ) D3 


CML 
=e (>) vBB1 


GEN. C) vpB2 
( ) vBB3 


C) ves 

©) 13(c) 
O) T(E) 
C) 130S(C) 
( ) T3OS(E) 
C) 4LP1(C) 
() TLP1(E) 
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{Unless Otherwise Specified, V.. = 5V, Vee = —S5V, 





VJ801 


TRUTH TABLE 


CLEAR 
a Ps ee 
a aes eas ee ee ee ee 
po fo Count Advances _| 


/ = Rising Edge 
x= Don't Care 










TTL INPUT/OUTPUT ELECTRICAL 
CHARACTERISTICS: 


Unless Otherwise Specified, Voc = 5V, Vez = —5V, 
Tj = 25°C 


Me ed 











BANDGAP REFERENCE ELECTRICAL 
CHARACTERISTICS: 














Tj = 25°C 
PARAMETER UNITS 
Output Voltage (lp=0mA) Vo V 


Output Voltage Temperature 
Coefficient (— 0°C<T=<100°C) 


Maximum Output Voltage Change 
(—0°C<TSX100°C) Voc 23 mV 


Line Regulation 
(4.5V<V,-<5.5V, lp = OmA) 


Output Resistance Ro 100. | Ohms 
Maximum Output Current 








CML BIAS GENERATOR: 

The CML bias generator provides the CML current source 
reference voltage (VCS) and the CML reference voltages 
(VBB1, VBB2 and VBB3). See the CML logic Design Note for 
more information on CML logic. 


















Unless Otherwise Specified, Voc = 5V, Vee = —5V, 
Tj = 25°C 


PARAMETER S 


UNITS 
A Level CML Reference Voltage |VBB1 
B Level CML Reference Voltage | VBB2 





C Level CML Reference Voltage |VBB3 /|3.25 


CML Current Source Reference 
Voltage VCS /|1.2 


733 VIDEO AMPLIFIER ELECTRICAL 
CHARACTERISTICS: 


Unless Otherwise Specified, V., = 5V, Ve = —S5V, 
Tj = 25°C 


A 


Differential Voltage Gain ¥ 

(R;=50 Ohms, R, = 2K Ohms, 

Vo = 3Vpp 
Gain 1 (Note 1) 300 VV 
Gain 2 (Note 2) 
Gain 3 (Note 3) 


Bandwidth 

(R,=50 Ohms, C,<15pF) 
Gain 1 
Gain 2 
Gain 3 


Rise Time 

(Rs = 50 Ohms, Vo=1Vpp) 
Gain 1 
Gain 2 
Gain 3 


Propagation Delay 

(Rs;= 50 Ohms, Vo=1Vpp) 
Gain 1 
Gain 2 
Gain 3 


Input Resistance 
Gain 1 
Gain 2 
Gain 3 


Input Capacitance 
Gain 1 
Gain 2 
Gain 3 


Input Offset Current 
Input Bias Current 


Input Noise Voltage 
(R,=50 Ohms, BW = 1KHz to 
10MHz) 

Gain 1 

Gain 2 

Gain 3 


Input Voltage Range V 


Common-Mode Rejection Ratio |CMRR 
Gain 2 (Voq= +1V, f=100KHZz) 
Gain 2 (Vow= +1V, fS$5MHZz) 

Output Common-Mode Voltage 2.5 


Output Voltage Swing 
(R, = 2K Ohms) os 


Output Sink Current a 


Output Resistance 
Power Supply Rejection Ratio 


Output Offset Voltage 
Gain 1 
Gain2and3 


Note 1: Pins GS1A and GS1B connected together. 
Note 2: Pins GS2A and GS2B connected together. 
Note 3: Gain Select pins open. 
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FEATURES 

@ Data Sheet 

@ User's Guide 

@ Design Manual 

@ Design Notes 

@ Evaluation Chip Data Sheet 
(chip available on request) 

@ Database Software 

@ Mylar Plot with Marking Pens 

@ Technical Support 


APPLICATIONS 

@ Disk Drive Subsystems 

@ Communications 

@ Analog Signal Processing 
@ Linear/Digital Subsystems 
@ Linear LS! Subsystems 


DESCRIPTION 

The VJ800 Analog Master Chip Design System contains the 
information necessary to design semicustom linear circuits on a 
workstation or computer. 

The User's Guide provides the data needed to design with 
the master chip components and a description of the various 
components. It also supplies data for computer modeling of 
components using software routines such as SPICE. 

In addition to the User's guide, a Design Manual is provided 
which covers general practices and usage for bipolar linear 
design, including material on parasitic elements, special prac- 
tices at I/O ports, and reliability considerations. 

Design Notes give helpful information on various design 
methods. 

Testing requirements with associated forms, and packaging 
information are also a part of the design system. 

In addition, the designer receives a symbolic mylar plot of the 
master chip with instructions on its use. 

The database software is provided for a Mentor/Apollo work- 
station schematic entry and simulation, or simulation models 
from the User's Guide can be loaded into any computer running 
SPICE simulation. 

VTC provides technical support for design system users 
whenever necessary. | 


DESIGN SYSTEM 


VJ800 ANALOG 
MASTER CHIP 
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VJ830 


ANALOG MASTER CHIP 
PRELIMINARY 


FEATURES 

°188 Transistors 

*248 Resistors, 150 Q to 15k Q 

*8 On-chip Junction Capacitors 

«Suitable for 5V or 12V Power Supplies 

*NPN f 7 of 800MHz Minimum 

«Economical Chip Size: 83 x 79 Mils 

*Two Layer Metal for Excellent Utilization and 
Routability 

«Workstation/PC-based Schematic Entry and Simulation 
Available 

«Accommodates up to 28 Pins 


APPLICATIONS 
*Peripherals 

«Instrumentation 
¢Telecommunications 
*Discrete Circuit Replacement 
*Analog Signal Processing 
eLinear Subsystems 

eLinear LSI Subsystems 


DESCRIPTION 

The VJ830 Analog Master Chip is a versatile, high- 
performance, bipolar integrated circuit containing 
prediffused transistors, resistors and capacitors. The 
components interconnect to define analog functions. 
Diffused resistor values are user-programmable. 
implanted resistors have fixed taps. 

The chip is ideal for high-performance amplifiers with 
low noise inputs—for example, in disk or tape drives. 
The VJ830 component library is available on diskettes 
for schematic entry and SPICE simulation. 


DESIGNING 

Designing with the VJ830 is straightforward. The 
design system provides all information necessary to 
design on a workstation or computer and includes: 
*VJ830 User's Guide 
*Design Manual for the LHD Process 
*VJ830 Component Library on Diskette with Instruction 

Manual 
«Symbolic Mylar Plot for Layout 

The VJ830 component library is used on a workstation 
for schematic entry and simulation. Simulation models 
from the User's Guide can be loaded into any computer 
running SPICE. 

The VJ830 User's Guide and Design Manual give 
detailed information to aid the user in analog master chip 
design philosophy, circuit design and simulation and 
circuit layout. It also includes the forms necessary to 
transmit circuit test requirements. | 


TESTING 


The VJ830 User's Guide specifies requirements for 
automatic circuit testing. 


SUBMITTAL 

When design is complete, the circuit components are 
interconnected on the mylar plot by the user (or for an 
optional charge this can be done by VTC). 

The circuit schematic, test specification and mylar plot 
are then sent to VTC where the data is entered into a 
CAD system, masks and wafers fabricated and 15 
prototypes packaged, tested and returned to the 
customer. 





VJ830 


VJ830 COMPONENT LIST 


TYPE COMPONENT NAME COMMENTS 
Small Transistor, 0.5mA f, = 800 MHz 
56 Medium Transistor, 2mA f, = 800 MHz 
Low Noise Transistor, 10mA TLN1 f; = 800 MHz 
fF NPN Small Schottky, 5mA f, = 800 MHz 
B 
C 
E 












Medium Schottky, 8mA T30S f; = 800 MHz 


20 
A 
> 
24 — 












IMPLANT | 3.2K Ohm Resistor 
| 24 | IMPLANT [15K Ohm Resistor Tapped (Note 4) 


NOTES: 

(1) Minimum single value is 130 Ohm. 

(2) Minimum single value is 150 Ohm. 

(3) Fixed tap values of 1.6K Ohm and 3.2K Ohm. 
(4) Fixed Tap Values of 5K, 10K and 15K Ohm. 


Tapped (note 3) 


ELECTRICAL CHARACTERISTICS: 
TRANSISTORS 


BVCBO BVEBO 
BETA (V) (V) 


MIN MAX 
ce) ; 





2 30 5.85 | 6.2 
30 5.85 | 6.2 

| 

5.85 


5.85 


se 
ms 








WOLSNSIWSS 
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LINEAR QUADRATIC CAPACITANCE 
TEMPERATURE TEMPERATURE PICOFARAD 
COEFFICIENT COEFFICIENT 


3.0 x 1074 
29.2 x 10-4 





NOTES: 

(1) Switching time and frequence response will be best at maximum Ic. 
(2) Applies to each of the two collectors. 

(3) Adjacent resistors in the same plane. 
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EVALUATION CHIP 

FOR THE VJ830 
ANALOG MASTER CHIP 
PRELIMINARY 


FEATURES 

°0.5mA NPN Transistor 

eLateral PNP Transistor 

*Typ. Low-Noise NPN Transistor 
*60mA NPN Power Transistor 
*8mA Schottky NPN Transistor 
“Two 1.2KOhm Base Resistors 
Two 15KOhm Implant Resistors 
e-5pF Junction Capacitor 


CONNECTION DIAGRAM 


dh 


28{—_] T25(E) 


T308(C) CJ 
T30S(E) L_ 
T30S(B) 
TLP1(C1) CJ 
TLP1(C2) 

TLP1(E) _| 
TLP1(B) 

TLN1(E) L__] 10 
TLN1(C1) [__] 11 
TLN1(B1) [-_] 12 
TLN1(B2) L__] 13 
TLN1(C2) L__]} 14 


oOo ON oO on fF WO LY 


18(7 7 T3(E) 
17{___} T3(C) 
16{ J JCAP(+) 
15} | JCAP(-) 


PARAMETERS 


ne |S 
Component | Typ. |Min. = | Min. Cnet Min. 
Tun [se[ 70] 25 | soon | 200” 
jmup1 | s5{ 13.2] 25 | 0.32mA'|  80_ 
Lema | 800 











*0.160 mA per collector 
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DESCRIPTION 

The VJ831 Evaluation Chip contains a number of 
devices found on the VJ830 Analog Master Chip. 
All transistors and resistors are pinned out 
individually for evaluation. A list of transistor parametrics 
is included for the purpose of comparison. Several 
components are included in pairs to allow for evaluation 
of matching capabilities. 













FUNCTIONAL BLOCK DIAGRAM 














| 43 T3(C) 
Oo 
T3(B) re 
re) 
TLNi(C) qi C) 
(e] 
TLN1(B) TLNI (B) 
TLN1(E) 
TLP1(C1) 
TLP1(B) 4 TLP1(C2) 
TLP1(E) 
T308(C) 
T30S(B) T30S(E) 
se nies 2 
RB2 
NN 
Ri2 


FEATURES 

°408 Transistors 

°612 Resistors, 150 Q to 15k O 

°18 On-chip Junction Capacitors 

*Suitable for 5V or 12V Power Supplies 

*NPN f+ of 800MHz Miniumum 

«Economical Chip Size: Approx.110 x 106 Mils 

«Two Layer Metal for Excellent Utilization and 
Routability 

*Workstation/PC--Based Schematic Entry and Simulation 
Available 

«Accommodates up to 40 Pins 


APPLICATIONS 
¢Peripherals 

«Instrumentation 
*-Telecommunications 
«Discrete Circuit Replacement 
«Analog Signal Processing 
«Linear Subsystems 

eLinear LSI Subsystems 


DESCRIPTION 

The VJ860 Analog Master Chip is a versatile, high- 
performance, bipolar integrated circuit containing 
prediffused transistors, resistors and capacitors. The 
components interconnect to define analog functions. 
Diffused resistor values are user-programmable. 
Implanted resistors have fixed taps. 

The chip is ideal for high-performance amplifiers with 
low noise inputs—for example, in disk or tape drives. 
The VJ860 component library is available on diskettes 
for schematic entry and SPICE simulation. 


VJ&S60 


ANALOG MASTER CHIP 
PRELIMINARY 


DESIGNING 

Designing with the VJ860 is straightforward. The 
design system provides all information necessary to 
design on a workstation or computer and includes: 
*VJ860 User's Guide 
«Design Manual for the LHD Process 
*VJ860 Component Library on Diskette with Instruction 

Manual 

«Symbolic Mylar Plot for Layout 

The VJ860 component library is used on a _ workstation 
for schematic entry and simulation. Simulation models 
from the User's Guide can be loaded into any computer 
running SPICE simulation. 

The VJ860 User's Guide and Design Manual provide 
detailed information to aid the user in analog master chip 
design philosophy, circuit design and simulation and 
circuit layout. It also includes the forms necessary for 
transmittal of circuit test requirements. 


TESTING 


The VJ860 User's Guide specifies requirements for 
automatic circuit testing. 


SUBMITTAL 


When design is complete, the circuit components are 
interconnected on the mylar plot by the user (or for an 
optional charge this can be done by VTC Incorporated). 
The circuit schematic, test specification and mylar plot 
are then sent to VTC where the data is entered into a 
CAD system, masks and wafers fabricated and 15 
prototypes packaged, tested and returned to the 
customer. 
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126 600 Ohm Resistor 
| 





VJ860 


VJ860 COMPONENT LIST: 


COMMENTS 

Small Transistor, 0.5mA i ae f, = 800 MHz 

Medium Transistor, 2mA f, =800 MHz 
NPN f, = 800 MHz 

Medium Schottky, 8mA f; =800 MHz 

Power Schottky, 60mA f; =800 MHz 


Two Collector, 0.33mA TLP1 | f, = 80 MHz 























T3 
T50 
T3S 
TLP1 
A 
B 
C 
P IMPLANT [3.2K OhmResistor—SSS~*~S~OS*S*S*«~s 
Capacitor, 5pF 
NOTES: 


(1) Minimum single value is 130 Ohm. 

(2) Minimum single value is 150 Ohm. 

(3) Fixed tap values of 1.6K Ohm and 3.2K Ohm. 
(4) Fixed Tap Values of 5K, 10K and 15K Ohm. 


soe 


ELECTRICAL CHARACTERISTICS: 
TRANSISTORS 


NAME 


TYPE 


NPN 


PN 
PN 
PN 
PN 
PN 

PNP 





73 
T50 
T3S 


N 
N 
N 
N 
N 
T30S NPN 


TLP1 
(Note 2) 
RESISTORS: 


sp 
NAME TYPE COEFFICIENT COEFFICIENT OV BIAS ABS. 
A : 

: 


NOTES: 

(1) Switching time and frequence response will be best at maximum Ic. 
(2) Applies to each of the two collectors. 

(3) Adjacent resistors in the same plane. 





20 

0 
20 
20 
20 
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FEATURES 

°0.5mA NPN Transistor 

°0.5mA Schottky NPN Transistor 
*Lateral PNP Split-Collector Transistor 
eLow-Noise NPN Matched-Pair Transistors 
*60mA NPN Power Transistor 

*60mA Schottky NPN Transistor 
e2mA NPN Transistor 

°8mA Schottky NPN Transistor 

Two 1.2KOhm Base Resistors 

«Two 15KOhm Implant Resistors 

*5pF Junction Capacitor 


TRANSISTOR PARAMETERS 


nano fm| SP 
Component | Typ. |Min. Min. Current Min. 

[1s [ee] af a5 [ ose [0 
Pfs 70 25 [non [0 
ee 
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VJ861 


EVALUATION CHIP 

FOR THE VJ860 
ANALOG MASTER CHIP 
PRELIMINARY 


DESCRIPTION 

The VJ861 Evaluation Chip contains a number of 
devices found on the VJ860 Analog Master Chip. 
All transistors and resistors are pinned out individually 
for evaluation. A list of transistor parametrics is 
included for the purpose of comparison. Several 
components are included in pairs to allow for evaluation 
of macthing capabilities. 


FUNCTIONAL BLOCK DIAGRAM 






























JCAP a aoe 
i. T3(E) 
eo) 
T30S(E 
By ) 
| T1I2(E 
A\ ) 
_TLP, d(C1) 
| TLP1(E) 
Les (C) pe TL HC) 
TLNA(E) 
RB1 
Ri1 
Ri1 = 
Onn poeonstcnan v Ria. 
O 
' T3S(E 
§ ) 
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INTRODUCTION 

The VJ800 Analog Master Chip contains a set of 
unconnected, integrated components on a monolithic 
chip. Development of the chip for a particular 
application requires the user to create the necessary 
circuitry, which is then implemented through unique 
interconnection masks. This User's Guide contains data 
needed to design with the master chip components, a 
description of various components, and data for 
computer modeling of components using software 
routines such as SPICE. 

In addition to this User's Guide, VTC provides a 
Design Manual which covers general practices and 
usage for bipolar linear design, including material on 
parasitic elements, special practices at I/O ports, and 
reliability considerations. 


GETTING STARTED 
The first step in designing a master chip is to create 


the required circuitry. Circuit diagrams are drawn similar 


to those used with discrete designs. Although a 
breadboard is not built, the circuit is simulated using a 
computer simulation program which solves the 
equations for a mathematical model of the circuit. 

To begin designing a master chip, the following items 
are needed: 


1. The VJ800 Design System, which includes: 

eThe VJ800 User's Guide 

*A Design Manual 

«Mylar Layout Sheet 

«Design Notes (helpful for some aspects of 
circuit design) 

*Diskette for Mentor Graphics™ 
Workstation 

°VJ800 Mentor Graphics Instructions 


2. Access to a computer system which runs ASPEC or 
SPICE simulation programs. (If a Mentor Graphics 
workstation is available, the Mentor Graphics 
Instructions and diskette that come with the VJ800 
Design System contain the computer models which 
save data entry time.) 


3. A textbook on analog integrated circuit design: 


Analysis and Design of Analog Integrated Circuits (2nd 
Ed.), by P. Gray and R. Meyer (J. Wiley & Sons, 1984). 
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THE VJ800 COMPONENT SET 

Table 1 describes the VJ800 component set. The 
first column gives the total number of a given kind of 
component available on the chip. The second column 
gives the component name, which is also used on the 
mylar chip plot and is the name of the SPICE model for 
the component. 


Table 1: The VJ800 Component Set 
Number | Comp. 
on — Name |Comments and Description 

Minimum-sized NPN Transistor 
Maximum Ic = .5mA 
Medium-sized NPN Transistor 
Maximum Ic = 2.0mA 

TLN1 Low-noise NPN Transistor 
Maximum Ic = 10.0mA 
Power NPN 
Maximum Ic = 180mA 




























Guard-ring Schottky Diode 
Power Schottky NPN 
112 C Base Resistor -- Adjustable for 
181-1200 ohms nominal resistance 
293 Implanted Resistor -- Center-tapped 
for two 1.6k ohm segments 


=P Minimum-sized Schottky NPN 
is - 
Maximum Ic = 180mA 
Guard-ring Schottky Diode 
74 Implanted Resistor -- Tapped in two 
places for three 5k ohm segments 
JCAP Junction Capacitor, Type C 
Nominal capacitance 5pF at V=O 


Maximun Ic = .5mA 
Overlap-type Schottky 
Large Schottky NPN 
T50S 
TLP1 Two-collector lateral PNP 
Maximim Ic = .16mA/collector 
| Base Resistor -- Adjustable for 
159-300 ohms nominal resistance 
Design With Layout in Mind. When choosing 
components for the design of a circuit subsection, the 
designer should look at the layout plot and choose 


Maximum Ic = 8mA 

Base Resistor -- Adjustable for 
188-600 ohms nominal resistance 
components that are relatively close together. As the 


circuit design proceeds, a layout plan should evolve. 
The designer should plan the position of each circuit 
subsection, along with power bussing and chip pinout. 


Power Dissipation: If all the transistors in the 
VJ800 are used with each carrying its maximum 
collector current, the total chip current would be 
2800mA. When the average collector voltage is 5V, the 
dissipated power is 14W, and ordinary packages cannot 
dissipate this much heat. Therefore, it is important for 
the designer to keep track of the total power dissipation 
of the chip and keep it in line with the thermal properties 
of the intended package. 

As arough guide, small ceramic DIP (14 and 16 pins) 
can Safely dissipate about .5W; larger DIP (24 and 28 
pins) up to 1W; and 40-pin ceramic DIPs up to 1.5W. 
The guide for other packages is that junction 
temperature should be kept below 125°C. 

The designer should consider how much current to 
use in each subcircuit. It is not necessary to operate 
transistors at maximum Ic. Small currents may be fast 
enough for many parts of the circuit. A typical on-chip 
parasitic node capacitance is about .5pF, and 100 
microamperes is enough to slew the voltage at the 
node at 200mV/nsec. This is sufficient for many 
applications. 


Component Utilization: \t is not possible to use 
100% of the VJ800 components because of 
interconnection constraints. Many first metal 
interconnection lines must cross over component 
locations, which is accomplished by eliminating the 
connections to silicon at these locations. A designer 
should plan for a 60% maximum utilization of available 
components. 


BIPOLAR TRANSISTOR MODELING 

The SPICE models for the VJ800 bipolar transistors 
are given in Tables 10, 10.1 , 10.2 and 10.3 for nominal 
beta, worst-case low beta, worst-case high beta and 
worse-case fast, respectively. The model used is the 
Gummel-Poon type. More data on transistor usage is 
given in parts Il and Ill of the Design Manual, and it is 
recommended the designer read this material before 
beginning a design. Graphs of typical I-V characteristics 
for a minimum NPN at various temperatures are given in 
part Il of the Design Manual. 

The nominal beta, worst-case low beta and worst-case 
high beta transistor models given are considered worst- 
case SLOW models. Their performance will not be 
worse than predicted by SPICE as long as the parasitics 
of resistors, interconnections, etc., are properly taken 
into account. These models are convenient for most 
cases, but are not suitable for stability analyses (for 
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example, feedback loops) where worst-case FAST 
models are desired. The worst-case FAST (Table 10.3) 
models are derived from the worst-case SLOW ones by 
changes to the SPICE model parameters as given in 
Table 2. 


Table 2: Changes to Find Worst-Case 
FAST SPICE Parameters 


i 
(for PNPs) .60 
The remaining SPICE parameters have no influence 
on the circuit speed and are left unchanged. 







Breakdown Voltages and Beta: The junction 
breakdown voltages of the transistors are not part of the 
SPICE model. The designer must account for these 
and ensure that voltages occurring in the circuit do not 
exceed the breakdown voltages (Table 3). 


Table 3: Breakdown Voltages and Beta for VJ800 









NPN Parameter 
BVcbo (base-coll.) 





BVebo (base emit.) 





BVceo (coll.-emit.) : 
PNP Parameter 
BVcbo (base-coll.) 
BVebo (base emit.) 



















BVceo (coll.-emit.) 


Beta (TLP1) at Ic = .05mA | 50 | 80 | 180 | 
Beta (TLP1) at Ic = .33mA 


Maximum Collector Current: Each transistor 
has a maximum collector current as shown in Table 1. 
This current is at the approximate boundary between 
high-level and low-level injection, and the device 
performance usually deteriorates above this current. 
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The SPICE models are also less accurate above the 
stated maximum collector current, and all data on 
modeling, matching, temperature coefficient, etc., is of 
unknown accuracy above the maximum Ic. 


Temperature Dependences: The temperature 
dependences of the transistor currents and voltages 
are contained in the SPICE models and do not need to 
be considered explicitly. The most significant transistor 
temperature dependence is the drop of Vbe (ON) by 
about 1.8mV per degree centigrade. 


Transistor Matching: Many kinds of circuits (such 
as differential amplifiers) require close matching 
between the properties of paired transistors. Table 4 
gives data on the matching properties of LHD-process 
transistors. This data is valid for transistors with identical 
geometries (i.e., the same component name) that are 
located immediately adjacent to each other on the chip. 
The matching properties are expressed in terms of the 
standard deviation defined in the statistical sense and 
are based on detailed measurements of LHD 
transistors. For the table entries where the unit is 
percent, the standard deviation is found by taking the 
percentage of the typical or nominal value. 


Table 4: Typical Transistor Matching Properties 


[Parameter | sid bev. | Unt 
Croat oreo TeoerTsos |S | av 
Pepa otser—ransnew [8 | av 
Pipitorser-rpi ewe | sav 
















Beta -- All NPNs and PNPs 


Collector Current Diff. for 
2-Coll. Lateral PNP (TLP1) 


The matching data given in Table 4 is typical of 
situations in which the temperature and stress gradients 
in the chip are negligible. Temperature gradients 
depend on the chip layout and placement of circuit 
elements which dissipate large amounts of heat. These 
factors are dealt with in part VII of the Design Manual. 


Frequency Response: The frequency response 
is contained in the SPICE models. NPN transistors 
have unity-gain frequencies (e.g., for a common-base 
or common-collector stage) of about 1GHz (800MHz 
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guaranteed minimum). The unity-gain frequencies of 
the PNPs are about 100MHz (80MHz guaranteed 
minimum). SPICE simulations should give accurate 
predictions of frequency response for a given circuit, 
along with its dependence on temperature, supply 
voltage, etc. 


Parasitic Transistors and Diodes: Standard 
bipolar processes contain numerous parasitic elements 
which are described in part VII of the Design Manual. 
Parasitic elements will not be a problem if the following 
rules are followed. Transistor saturation is a forbidden 
practice for non-Schottky transistors, as well as for the 
operation of transistors in the inverted mode. 
Numerous resistor tub and substrate contacts should 
be placed in the layout as described in the layout 
instructions. 


Labeling and Modeling Conventions for 
Transistors: The labeling conventions for the NPN 
and PNP transistors are shown in Figures 7 and 8. The 
labeling of a transistor in a schematic diagram should be 
Qxxx (e.g., Q11, Q23). The lateral PNP has two 
collectors (see Figure 8), and is modeled by using two 
transistors. Alternatively, if both collectors are 
connected to the same node, only a single transistor 
with the area factor 1.0 can be used instead of the .5 
shown in Figure 8. Part Ill of the Design Manual 
contains details of PNP transistor modeling. 

The PNP transistor model (Figure 8) also requires an 
extra parasitic diode which uses the SPICE model DRN 
as given in Table 10. 


Schottky Transistor Models: Because of the 
extra elements in a Schottky transistor, its model is more 
complicated. A modeling scheme for available Schottky 
transistors and a set of SPICE statements for the model 
using four elements and five nodes are shown in 
Figures 9,10 and 11. The Schottky diode is modeled 
by means of the SPICE model SCH1 as given in Table 
10. This model corresponds to a Schottky diode with 
an area of one square micron. 


INTEGRATED RESISTORS 
Integrated resistors differ from discrete resistors in 

that:1) they have an important parasitic capacitance to 
the silicon body in which they are embedded; 2) they 
have a substantial temperature coefficient; and 3) they 
have a diode isolating them from other regions of the 
chip, which must be biased to keep it OFF. Details on 
resistors can be found in part V of the Design Manual. 


Temperature Coefficients: This process has 
two types of resistors, base and implant. These differ in 
doping levels, and temperature coefficients. The base 


resistor has the lower temperature coefficient, but is of 
very limited use for resistor values over 1k ohm. The 
implant type achieves higher values (to 15k ohm), but at 
the expense of a higher temperature coefficient. 
SPICE uses two temperature coefficients (linear and 
quadratic). The values for these are given in Table 5. 


Table 5: Temperature Coefficients for LHD Resistors 


Resistor Type Quadr. TC 
Base (A, B, C) .00030 5.8E-6 


Implant (D, E) 00292 6.9E-6 


The Design Manual contains a graph of the 
temperature dependences of the base and implant 
resistor types. It shows that base resistors pass through 
a minimum somewhat below room temperature, and 
begin to rise in value for lower temperatures. For the 
purpose of rough hand calculations, base resistors 
increase at 0.07%/"C and implant resistors increase at 
0.34%/°C for junction temperatures of 50 to 75°C. 






Resistor Adjustment: The base-type resistors 
(A, B, C) are adjustable in value. The adjustment is 
made by moving a contact point to silicon, thus varying 
the effective length of the resistor. The available 
resistor values are given in Table 12. 


Resistor Parasitic Capacitance: Figure 1 
shows how a typical base resistor (Type A) is modeled. 
A diode representing about half the capacitance is 
loaded on each end of the resistor. (Note that if either 
end goes to a DC voltage the load diode at that end can 
be omitted.) The cathodes of the load diodes are 
connected to the Vcc supply voltage (the most 


positive supply voltage is denoted as node nV¢¢, as 


detailed in part V of the Design Manual). The area 
factors, c1(0) and c2(0), differ with placement of the 
contact opening (which is varied to adjust the resistor 
value) and can be found in Table 12. 

The implant resistors are modeled similarly, with 
modifications needed to account for intermediate taps. 
These models are shown in Figures 4 and 5. Both 
resistor types need a SPICE model for the junction 
which surrounds the resistor body, and is provided by a 
diode model, DRP. The SPICE model for DRP is given 
in Table 10. 


Resistor Matching and Tolerances: The ability 
to match resistors to close tolerances is one of the more 
favorable features of monolithic IC design. The 
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absolute tolerances, however, are less favorable. The 
absolute worst-case tolerance for resistor value at a 
given temperature is +20% of the nominal value for 
both base and implant resistors. There is no correlation 
in the fluctuations of the base and implant resistors. If 
the base resistor happens to be 12% low on a given lot, 
the implant resistors may be 15% high. Therefore, base 
resistors should not be ratioed against implant resistors. 
Resistor ratioing rules are covered in more detail in 
Section 35 of the Design Manual. 

The resistor matching parameters are given in Table 
6. The standard deviation is observed if the values of a 
large number of identically sized and identically oriented 
resistors are placed in close proximity on the chip, and 
the resulting distribution is fitted to the normal 
distribution. It is defined as a percentage of resistor 
nominal value. The resistor ratio standard deviations are 
somewhat worse than this, because the percentage 
standard deviation of a ratio is larger than those of either 
parameter entering the ratio. 


Table 6: Typical Resistor Matching 


Std. Deviation (%) 


Resistor Type 


Base (A, B, C) 


Implant (D, E) 





The resistors are affected, just as transistors, by 
temperature gradients (through temperature coefficient 
and stress effects). Details on this are in Sections 56 
and 57 of the Design Manual. These are not taken into 
account in Table 6 since they depend on the user- 
generated layout. 


DIODES AND JUNCTION CAPACITORS 
This subject is covered in part IV of the Design Manual. 


— 
oO 
Pa ®) 
20 
no 
OD 
oe 
= 


Diode-Connected Transistors: This form of 
diode, the most common type in bipolar IC design, is 
created by connecting the base and collector of an NPN 
transistor. Figure 12 shows how these diodes are 
modeled in SPICE. 





Schottky Diodes: The VJ800 does not provide 
Schottky diodes other than those contained in the 
transistor cells. Figures 13 and 14 show how Schottky 
diodes are created from transistor cells by wiring 
collector and emitter together. The details of Schottky 
diodes are covered in Sections 26 and 27 of the Design 
Manual. Schottky diodes cannot carry arbitrarily large 





11-19 


5 
Par 
Lu 
> 
mor 
| a2 
art 
” 





seseures sree stare en RA A EASES SONNETS TO 


VJ800 USER'S GUIDE 


currents--the upper limit is 104A per square micron of 
area. 

The area of the Schottky diode in square microns is 
just the SPICE area parameter in the diode statement 


given in Figures 9, 10 and 11. The T30S transistor type, 


for example, is 362.8 square microns. 


Junction Capacitors: The VJ800 does not 
contain dielectric capacitors. It is, however, possible to 
use nonlinear junction capacitors to stabilize 
(compensate) feedback loops, etc., and the VJ800 
provides some special structures for this purpose. 
Figure 6 shows how this component is labeled and 
modeled in SPICE. The diode used for the junction 
capacitor has a parasitic capacitance to the substrate 
and is represented by an additional parasitic diode from 
the cathode of the junction capacitor to the Ver node 


(nVer). The model for the parasitic capacitor DRN and 


the model JCPC needed for the capacitor junction are 
both given in Table 10. 


Zener Diodes: A Zener diode is created by 
operating a diode-connected NPN transistor with the E- 
B junction in reverse avalanche breakdown. This 
results in a constant voltage of about 6V and is used in 
DC reference voltage sources and level shifters. The 
Zener voltage is the same as the NPN transistor 
parameter BVebo. Its values and limits are in Table 3. 

The SPICE modeling for Zener diodes differs 
depending on whether a DC or AC model is desired. 

The DC SPICE model is shown in Figure 16. This 
model contains a current source, I~, which forces a 


current through a fictitious resistor, Rz, with a 


temperature coefficient set to represent the observed 
temperature dependence of the Zener voltage. The 
voltage dropped across R7z is duplicated in the voltage- 


controlled voltage source Ez which then has the right 


temperature coefficient to represent the Zener voltage. 
The resistor Rg represents the effective output 


impedance of the Zener diode. To obtain the worst- 
case minimum and maximum DC Zener diode models, 
the Zener voltage/temperature coefficient should be 
changed from 6.0V/3.5E-4 to 5.8V/3.0E-4 and 
6.2V/4.0E-4 respectively. 

The AC SPICE model is created by using the SPICE 
diode model and setting the reverse breakdown 


parameter to appropriately represent the Zener voltage. 


This model does not contain any temperature 
dependence for the Zener voltage. Therefore, if the 
temperature dependence is important, the breakdown 
voltage parameter must be re-entered for each 
simulation temperature. The AC Zener model requires 
special SPICE models, ZT3, ZT12, etc. given in Table 
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10, for the nominal case. Worst-case minimum and 
maximum AC Zener models are given in Table 10.1 and 
10.2. 

Zener diodes have a type of noise arising from 
microplasmas, which is not modeled by SPICE, and may 
be a hazard in some applications. Details on Zener 
diodes are given in Sections 32 and 33 of the Design 
Manual. 


Zener Matching: \|n some cases (for example, 
differential level shifters) the matching of Zener voltage 
between transistors is important. The standard 
deviation of the difference in Zener voltages for two 
identical Zener-connected NPNs (with identical 
currents) is about 5mV, provided the current levels in 
Table 7 are maintained. 


Table 7: Current Limits for Matched Zener Diodes 





RESISTANCE AND CAPACITANCE OF THE 
INTERCONNECTIONS 

The resistance and capacitance of interconnections 
(the lines in the schematic) are often neglected in 
discrete-component designs. In integrated circuit 
design, this is not always possible because the 
interconnections are less than ideal. Data on the 
properties of interconnections, which relate to 
simulation and layout, are given in this section and in 
part VI of the Design Manual. | 

A unique feature of integrated circuit design is the 
presence of electromigration--a wear-out mechanism for 
the interconnections. To prevent failure from this, the 
currents in interconnection lines must be limited to the 
values given in Table 8. The widths of the lines are 
given in terms of the number of standard-width grid 
lines they occupy on the layout. Ordinarily the only 
place where wider-than-minimum lines are used is in 
power transistors , output drivers and power-supply 
lines. 


Table 8: Maximum Currents in Interconnections 
Type of Connection : Max | (mA) 
Minimum-wicth First Metal Line 


Double-width First Metal Line =— x 
Triple-width First Metal Line pa 
Minimum-width Second Metal Line Liege 









Double-width Second Metal Line 
Triple-width Second Metal Line 


The capacitance and resistance of the 
interconnection lines shown in Table 9 are important. 
The resistance of aluminum interconnections has a 
substantial temperature coefficient of .44%/°C. 

To determine the length of an interconnection line, it 
should be measured with a metric ruler on the mylar 
layout plot. The true length is obtained by dividing by 
the scale factor shown on the plot. A measurement in 
millimeters on the plot, divided by the scale factor, 
yields millimeters on the chip, which is the appropriate 
unit for use with Table 9. 

The lengths of the interconnections depend on the 
placement of the components and should be taken into 
account in circuit Simulations. For instance, a circuit that 
uses a JCAP and a lateral PNP transistor will have a long 
line connecting them, because the nearest 
components are quite distant on the chip. Thus, layout 
considerations should be made during simulation in 
order to avoid using components that are far apart 
physically in a given subcircuit, or to include their 
parasitic R and C in the simulation. 
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Table 9: Typical Resistance and Capacitance of 
Interconnection Lines per 1000 Microns 
Length (1000 Microns = 1 mee) 


Type of Capac? Capac? 
Connection OF oF 


First Metal 


Second Metal 


Line , 
Width! 









Ont OM — sommes 


Pinseve [= | f= f= 


(1) Line width refers to the number of first or second metal 
routing channels used. 

(2) Capacitance for first or second metal over field oxide. 

(3) For first metal—Capacitance of first metal over field oxide 
and under wide second metal. For second 
metal—Capacitance over wide first metal. 


SUBSTRATE CONTACTS AND Vcc 


CONNECTIONS 

Some circumstances lead to current flow in the 
substrate or resistor tubs (Design Manutal, part Vil). The 
IR drops arising from these currents can cause thyristor 
latchup or other malfunctions. The user must specify 
where the substrate connections (to Ver) and Vcc 


connections to resistor tubs are to be placed on the 
layout. 


A SPICE EXAMPLE 

Figure 18 illustrates the use of SPICE in simulating a 
circuit created with the VJ800 Analog Master Chip. 
Table 11 gives a detailed listing of the SPICE input 
statements. 


LOGIC IMPLEMENTATION 

It is often necessary to create a limited amount of logic 
circuitry in addition to analog circuits. The VJ800 has 
special features which make this easier, because the 
middle of the chip is laid out for convenient 
implementation of current mode logic. 
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VTC Design Note DN-4 describes current-mode logic, 
gives examples of basic logic circuits, and should be 
consulted when in doubt. 


WORST-CASE SPICE SIMULATIONS 

The initial SPICE simulations are usually done under 
nominal conditions--nominal supply voltages, room 
temperature, etc. This is a good way to define the 
circuit and show that desired circuit functions are 
realized. There are, however, significant variations in a 
realistic environment to which the chip is exposed-- 
supply voltage, temperature, etc. These variations are 
serious enough that nominal designs fail to work 
correctly at the limits of supply voltage and temperature. 
A set of simulation conditions are outlined below, and 
should be used to verify satisfactory operation. 


1. Temperature 

The SPICE models contain the temperature 
dependence of the transistor currents and voltages, 
and give a realistic account of temperature variation. 
Some of the more significant temperature effects are: 
a) the transistor Vbe drops at about 1.7-1.9mV/° C; 

b) the resistors increase in value as temperature rises; 
and c) beta increases with temperature. 

The temperature in SPICE simulation is the junction 
temperature--the actual temperature of the chip. To 
find the temperature it is necessary to know the type of 
package to be used, the thermal conductance of the 
package for the type of cooling used and the chip 
power dissipation. For most commercial applications, an 
assumption of 0° C and 125° C for temperature 
extremes is reasonable. 


2. Supply Voltage 

Ordinarily, the supply voltages are specified as +10%. 
Thus a 5V chip should be simulated at 4.5V and 5.5V. If 
there are two supply voltages, for example +5V and 
+12V, then simulation should be done with all four 
combinations: (4.5, 13.2), (4.5, 10.8), (5.5, 13.2) and 
(5.5, 10.8). 

Difficulties are usually encountered at worst-case low 
voltage and low temperature where Vbe is high, the 
supply voltage is low and beta is low. The most 
common source of difficulty is inadequate collector- 
base bias for some transistors, resulting in saturation 
and erroneous operation. 


3. Beta 

Beta is difficult to accurately control in manufacturing, 
and often affects important chip parameters. Thus, 
simulations should be done for the worst-case beta 
limits given in this User's Guide, and proper operation 
verified for the entire range of beta. Minimum and 
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maximum beta transistor models are provided in Tables 
10.1 and 10.2. 


4. Zener Voitage 

The tolerance for the Zener diode voltage and 
temperature coefficient is given in the Zener diode 
section of this User's Guide for the DC model. Worst- 
case minimum and maximum AC Zener diode models 
are given in Table 10.1 and 10.2. 


5. Resistor Values 

As noted above, the resistors are two types, base and 
implant, and they vary independently. The tolerances 
are +20%, therefore, the following cases should be 
simulated: 


¢ All base resistors at 1.2x their nominal values 
All implant resistors at 1.2x their nominal values 


* All base resistors at 0.8x their nominal values 
All implant resistors at 1.2x their nominal values 


- All base resistors at 1.2x their nominal values 
All implant resistors at 0.8x their nominal values 


e All base resistors at 0.8x their nominal values 
All implant resistors at 0.8x their nominal values 


6. Component Matching 

Some circuits are sensitive to transistor and resistor 
matching and should be simulated for worst-case (or 
Statistical) matching as described previously in this 
User's Guide. 


7. Worst-Case Fast 

If a circuit uses a feedback loop it should be simulated 
for stability using the worst-case fast models given in 
Table 10.3. 


THE LAYOUT PLOT 

The VJ800 Design System contains a symbolic mylar 
plot of the chip drawn to scale, which represents the 
various transistors and resistors in symbolic fashion. 
Thus, a transistor is shown by the usual schematic 
symbol. 

A description of the various symbols on the layout plot 
is included in the VJ800 Design System, as well as 
detailed instructions on coding the plot and preparing 
for layout. 
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COMPONENT SYMBOLS and SPICE MODELS for VJ800 ANALOG MASTER CHIP 


BASE RESISTORS 


Figure 1: A: 159-300 ohms 


Rxx ni n2 value TC=3E-4,5.8E-6 
DARxx n1 nVCC DRP c2(0) 
DBRxx n2 nVCC DRP c1(0) 





Figure 2: B: 188-600 ohms 


Rxx n1 n2 value TC=3E-4,5.8E-6 
DARxx n1 nVCC DRP c2(0) 
DBRxx n2 nVCC DRP c1(0) 





Figure 3: C: 181-1200 ohms 


Rxx ni n2 value TC=3E-4,5.8E-6 
DARxx n1 nVCC DRP c2(0) 
DBRxx n2 nVCC DRP c1(0) 
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COMPONENT SYMBOLS and SPICE MODELS for VJ800 ANALOG MASTER CHIP 


IMPLANT RESISTORS 


Figure 4: D: Two 1.6k ohm segments 


Rxx ni n2 1.6K TC=.00292,6. 
Ryy n2 n3 1.6K TC=.00292,6. 
DARxx n1 nVCC DRP_ .03 
DRxy n2 nVCC DRP_ .06 
DARyy n3 nVCC DRP_ .03 


9E-6 
9E 


-6 





Figure 5: E: Three 5k ohm segments 


Rxx ni n2 5K TC=.00292,6.9E-6 
Ryy n2 n3 5K TC=.00292,6.9E-6 
Rzz n3 n4 5K TC=.00292,6.9E-6 
DARxx n1 nVCC DRP .046 
DRxy n2 nVCC DRP_ .092 
DRyz n3 nVCC DRP_ .092 
DARzz n4 nVCC DRP .046 


5 
ar 
jP 
o> 
a8 
iat 
WY) 





11-24 


VJ800 USER'S GUIDE 


COMPONENT SYMBOLS and SPICE MODELS for VJ800 ANALOG MASTER CHIP 
CAPACITORS 


Figure 6: JCAP 


DCxx n1 n2 JCPC 5 
DJCxx nVEE n2 DRN 3 


n2 


+ 


JCPC 5 DJCxx 
JCPC 5pF 
DCxx 


n1 





NPN TRANSISTORS 


Figure 7: T3, T12, TLN1, T50 


Qxx n1 n2 n3 type 


Qxx 
type 


n3 


type = T3, T12, TLN1, OR T50 





LATERAL PNP TRANSISTOR 
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Figure 8: TLP1 (two collector) 





Qxxa n3 n2 n1 TLP1 .5 
Qxxb n4 n2 n1 TLP1 .5 
DQxx NVEE n2 DRN .819 


n1 
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COMPONENT SYMBOLS and SPICE MODELS for VJ800 ANALOG MASTER CHIP 


SCHOTTKY NPN TRANSISTORS 
Figure 9: T3S 


Qxx n4 n2 n3 T3S 

DSQxx n2 n5 SCH1 54.5 
RSQxx n5 n4 44.54 TC=.0007 
RCQxx n1 n4 87.34 TC=.0025 


DSQxx 
SCH1 54.5 





Figure 10: T30S 


Qxx n4 n2 n3 T30S 

DSQxx n2 n5 SCH1 92.6 
RSQxx n5 n4 7.4 TC=.0007 
RCQxx n1n4 18 TC=.0023 


DSQxx 
SCH1 362.8 
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Figure 11: T50S 


Qxx n4 n2 n3 T50S 

DSQxx n2 n5 SCH1 7488 
RSQxx n5 n4 .37 TC=.0007 
RCQxx n1 n4 1.8 TC=.00494 


DSQxx 
SCH1 7488 


n5 
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COMPONENT SYMBOLS and SPICE MODELS for VJ800 ANALOG MASTER CHIP 


DIODES (Diode-—Connected npn Transistor) 


Figure 12: 13, 712, TLN1, T50 


Qxx n1 ni n2 type 


y. Qxx 
type 


n2 n2 





type = T3, T12, TLN1, OR T50 


SCHOTTKY DIODES (Diode-Connected npn Transistor) 


Figure 13: T3S 


Qxx n3 ni n2 T3S 

DSQxx n1 n4 SCH1 54.5 
RSQxx n4 n3 44.54 TC=.0007 
RCQxx n2 n3 87.34 TC=.0025 


DSQxx 
SCH1 54.5 
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COMPONENT SYMBOLS and SPICE MODELS for VJ800 ANALOG MASTER CHIP 


Figure 14: T30S 


Qxx n3 ni n2 T30S 

DSQxx n1 n4 SCH1 92.6 
RSQxx n4n3 7.4 TC=.0007 
RCQxx n2n3° 18 TC=.0023 


DSQxx 
SCH1 362.8 





Figure 15: T50S 


Qxx n3 n1 n2 T50S 

DSQxx nif n4 SCH1 7488 
RSQxx n4 n3 0.37 TC=.0007 
RCQxx n2 n3 1.8 TC=.00494 


5 
<i 
ij 
— 
oe) 
nT 
2) 


DSQxx 
SCH1 7488 
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COMPONENT SYMBOLS and SPICE MODELS for VJ800 ANALOG MASTER CHIP 


DC ZENER DIODES 


Figure 16: 13, 712, TLN1, T50 


IZxx n5 n4 1 

RZxx n4n5 6.0 TC=3.5E-4 
EZxx n3 n2 n4 n5 1 

RSxx ni n3 value 


RSxx 
value 


n1 n4 n3 
iA . RZxx : 
DZxx IZxx 6 EZxx 
type : 1 
n2 
n5 
n2 


Type/Value = 13/110, 112/50, TLN1/1.3, T50/0.85 





AC ZENER DIODES 
Figure 17: 13, 712, TLN1, T50 


Dx n2 n1 model 
DSUBxx nVEE n2 DRN value 


ni 
n1 DZxx 
model DSUBxx 
DZxx nVEE 
| type n2 
n2 


value 


Type/Model/Value = T3/ZT3/0.282 
T12/ZT12/0.362 
TLN1/ZTLN1/1.27 
T50/ZT50/3.6 
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Table 10: Transistor Models at Nominal Beta 
and Nominal Zener Voltage 





-MODEL T3 NPN(IS=1.26E-17 BF=84 BR=©.7 ISE=© ISC=© IKF=2.7E-3 IKR=7.2E-3 

+NE=1.5 NC=1.5 TF=2.27E-10 TR=2.27E-9 CJE=7.71E-14 CJC=5.47E-14 VJE=0.88 VJC=0.74 
+MJE=0.42 MJC=©.41 CJS=2.82E-13 VJS=0.67 MJS=©.44 VAF=29 VAR=7.3 RC=87.34 
+RB=621.33 RE=1.587 XTB=1.58936 EG=1.17 FC=0.5 XT1l=3.5 XCJC=.13) 


-MODEL T12 NPN(IS=5.04E-17 BF=101 BR=©.7 ISE=© ISC=© IKF=1.08E-2 IKR=2.88E-2 
+NE=1.5 NC=1.5 TF=2.27E-190 TR=2.27E-9 CJE=2.03E-13 CJC=1.01E-13 VJE=0.88 
+VJC=0.74 MJE=0.42 MJC=0.41 CJS=3.62E-13 VJS=0.67 MJS=0.44 VAF=29 VAR=7.3 
+RC=55.72 RB=282.4 RE=0.397 XTB=1.58936 EG=1.17 FC=0.5 XTl=3.5 XCJC=.28) 


MODEL TLN1 NPN(IS=5.6E-16 BF=86 BR=.7 ISE=© ISC=© IKF=1.2E-1 IKR=3.2E-1 
+NE=1.5 NC=1.5 TF=2.27E-10 TR=2.27E-9 CJE=2.74E-12 CUC=1.35E-12 VJE=0.88 
+VJC=0.74 MJE=0.42 MJC=0.41 CJS=1.27E-12 VJS=0.67 MJS=0.44 VAF=29 VAR=7.3 
+RC=18.88 RB=7.48 RE=0.036 XTB=1.58936 EG=1.17 FC=0.5 XT1l=3.5 XCJC=.1©) 


MODEL T5@ NPN(IS=3.0E-15 BF=103 BR=.7 ISE=0 ISC=© IKF=.67 IKR=1.79 NE=1.5 
+NC=1.5 TF=2.27E-10 TR=8.97E-8 CUE=12.12E-12 CJC=5.75E-12 VJE=.88 VJC=.74 
+MJE=.42 MJC=.41 CJS=3.3E-12 VJS=.67 MJS=.44 VAF=29 VAR=7.3 RC=.6 RB=3.2 
+RE=.006 XTB=1.58 EG=1.17 FC=.5 XTI=3.5 XCJC=.3) 


-.MODEL T3S NPN(IS=1.26E-17 BF=84 BR=.07 ISE=© ISC=@ IKF=2.7E-3 IKR=7.2E-3 

+NE=1.5 NC=1.5 TF=2.27E-10 TR=2.27E-9 CJE=7.71E-14 CJC=6.03E-14 VJE=0.88 VJC=0.74 
+MJE=0.42 MJC=0.41 CJS=2.87E-13 VJS=0.67 MJS=0.44 VAF=29 VAR=7.3 RC=© 
+RB=621.33 RE=1.587 XTB=1.58936 EG=1.17 FC=0.5 XTI=3.5 XCJC=.12) 

*COLL R=87 SCH AREA=5@ SCH RES=45 


MODEL T3@S NPN(IS=3.36E-16 BF=120 BR=0.7 ISE=© ISC=© IKF=7.2E-2 IKR=1.92E-1 
+NE=1.5 NC=1.5 TF=2.27E-10 TR=2.27E-9 CJE=9.78E-13 CJC=4.15E-13 VJE=0.88 
+VJC=0.74 MJE=0.42 MJC=0.41 CJS=7.96E-13 VJS=0.67 MJS=©.44 VAF=29 VAR=7.3 
+RC=0 RB=87.83 RE=0.06 XTB=1.58936 EG=1.17 FC=0.5 XTl=3.5 XCJC=.39) 

*COLL R=7.4 SCH AREA=92.6 SCH RES=18 


MODEL TLP1 PNP(IS=2.8E-16 BF=55 BR=©.5 ISE=0 ISC=© IKF=©.3E-3 IKR=9E-4 
+NE=1.5 NC=1.5 TF=3.54E-8 TR=1.06E-7 CJE=1.14E-13 CJC=5.8E-13 VJE=©.74 
+VJC=0.74 MJE=0.41 MJC=0.41 CJUS=0 VJS=1.0 MJS=1.0 VAF=27 VAR=9 RC=100 
+RB=50 RE=5 XTB=.8109 EG=1.17 FC=0.5 XTl=3.5 XCJUC=.80) 

*BASE SUBSTRATE CAP=.815 


-MODEL T5@S NPN(IS=3.0E-15 BF=103 BR=.7 ISE=0 ISC=@ IKF=.65 IKR=1.2 NE=1.5 
+NC=1.5 TF=2.27E-10 TR=8.97E-8 CJE=12.12E-12 CJC=6.6E-12 VJE=.88 VJC=.74 
+MJE=.42 MJC=.41 CJS=4.6E-12 VJS=.67 MJS=.44 VAF=29 VAR=7.3 RC=© RB=3.3 
+RE=0@6 XTB=1.58 EG=1.17 FC=.5 XTI=3.5 XCJC =.25) 

*COLL R=7.25 SCH AREA=654 SCH RES=3.75 
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MODEL SCH1 D(IS=1.2E-13 CJO=3.8E-16 RS=2.2E4 VJ=0.75 M=@.5 EG=@.75 XTl=2 
+N=1.13 BV=12) 


-MODEL DRN D(IS=2E-16 CJO=1E-12 VJ=0.67 M=@.44) 
-MODEL DRP D(IS=2E-16 CJO=1E-12 VJ=@.74 M=@.41) 


MODEL ZT3 D(IS=1.26E-17 IBV=1E-9 BV=6.0 RS=119 CJO=7.92E-14) 


“MODEL 2712 D(IS=5.04E-17 IBV=1E-9 BV=6.0 RS=50 CJO=2.03E-13) 
MODEL ZTLN1 D(IS=5.6E-16 IBV=1E-9 BV=6.0 RS=1.3 CJO=2.74E-1 2) 
MODEL ZT5 D(IS=3.0E-15 IBV=1E-9 BV=6.0 RS=0.85 CJO=12.7E-12) 
-MODEL JCPC D(IS=2E-16 CJO=1E-12 VJ=0.90 M=.35 BV=5) 
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Table 10.1: Transistor Models at Minimum Beta 
and Minimum Zener Voltage 


-MODEL T3 NPN(IS=1.26E-17 BF=52 BR=©.7 ISE=0 ISC=© IKF=2.7E-3 IKR=7.2E-3 

+NE=1.5 NC=1.5 TF=2.27E-10 TR=2.27E-9 CJE=7.71E-14 CUC=5.74E-14 VJE=0.88 VJC=0.74 
+MJE=0.42 MJC=0.41 CJS=2.82E-13 VJS=0.67 MJS=©0.44 VAF=48 VAR=12 RC=87.34 
+RB=408 RE=1.587 XTB=1.58936 EG=1.17 FC=©.5 XTI=3.5) 


-MODEL T12 NPN(IS=5.04E-17 BF=62 BR=0.7 ISE=© ISC=© IKF=1.@8E-2 IKR=2.88E-2 
+NE=1.5 NC=1.5 TF=2.27E-10 TR=2.27E-9 CJE=2.03E-13 CJUC=1.01E-13 VJE=0.88 
+VJC=0.74 MJE=0.42 MJC=0.41 CJS=3.62E-13 VJS=0.67 MJS=©.44 VAF=48 VAR=12 
+RC=55.72 RB=185 RE=©.397 XTB=1.58936 EG=1.17 FC=©.5 XT1=3.5) 


-MODEL TLN1 NPN(IS=5.6E-16 BF=53 BR=0.7 ISE=© ISC=© IKF=1.2E-1 IKR=3.2E-1 
+NE=1.5 NC=1.5 TF=2.27E-10 TR=2.27E-9 CJE=2.74E-12 CUC=1.35E-12 VJE=0.88 
+VJC=0.74 MJE=0.42 MJC=0.41 CJS=1.27E-12 VJS=0.67 MJS=0.44 VAF=48 VAR=12 
+RC=18.88 RB=5.64 RE=0.036 XTB=1.58936 EG=1.17 FC=©.5 XTI=3.5) 


-MODEL T3S NPN(IS=1.26E-17 BF=52 BR=©.7 ISE=0 ISC=© IKF=2.7E-2 IKR=7.2E-3 

+NE=1.5 NC=1.5 TF=2.27E-10 TR=2.27E-9 CJE=7.71E-14 CUC=6.03E-14 VJE=0.88 VJC=0.74 
+MJE=©.42 MJC=0.41 CJS=2.87E-13 VJS=©.67 MJS=©.44 VAF=48 VAR=9 RC=© 

+RB=408 RE=1.587 XTB=1.58936 EG=1.17 FC=0.5 XT1=3.5) 

*COLL R=87.3 SCH AREA=5@ SCH RES=44.5 


MODEL T30S NPN(IS=3.36E-16 BF=57.3 BR=@.7 ISE=© ISC=© IKF=7.2E-2 IKR=1.92E-1 
+NE=1.5 NC=1.5 TF=2.27E-10 TR=2.27E-9 CJE=9.78E-13 CUC=4.15E-13 VJE=0.88 
+VJC=0.74 MJE=0.42 MJC=-0.41 CUS=7.96E-13 VJS=0.67 MJS=0.44 VAF=48 VAR=9 
+RC=0 RB=56.9 RE=0.06 XTB=1.58936 EG=1.17 FC=0.5 XTI=3.5) 

*COLL R=7.4 SCH AREA=92.6 SCH RES=18 


-MODEL TLP1 PNP(IS=2.8E-16 BF=33 BR=©.5 ISE=© ISC=© IKF=©.3E-3 IKR=1E-3 

+NE=1.5 NC=1.5 TF=3.54E-8 TR=1.06E-7 CJUE=1.14E-13 CUC=5.8E-13 VJE=0.74 

+VJC=0.74 MJE=0.41 MJC=0.41 CJS=© VJS=1.0 MJS=1.0 VAF=45 VAR=15 RC=10@ RB=50 
+RE=5 XTB=.811 EG=1.17 FC=0.5 XTI=3.5) 

*BASE-SUBSTRATE CAP=.815 


MODEL T59 NPN(IS=3.0E-15 BF=63 BR=.7 ISE=© ISC=© IKF=.67 IKR=1.79 NE=1.5 
+NC=1.5 TF=2.27E-10 TR=8.97E-8 CJE=12.12E-12 CJC=5.75E-12 VJE=.88 VJC=.74 
+MJE=.42 MJC=.41 CJS=3.3E-12 VJS=.67 MJS=.44 VAF=48 VAR=12 RC=.6 RB=3.2 
+RE=.006 XTB=1.58 EG=1.17 FC=.5 XTI=3.5) 


-MODEL T5@S NPN(IS=3.0E-15 BF=63 BR=.7 ISE=0 ISC=© IKF=.67 IKR=1.79 NE=1.5 
+NC=1.5 TF=2.27E-10 TR=8.97E-8 CJE=12.12E-12 CJC=5.75E-12 VJE=.88 VJC=.74 
+MJE=.42 MJC=.41 CJUS=4.6E-12 VUS=.67 MJS=.44 VAF=48 VAR=12 RC=© RB=3.2 
+RE=.0906 XTB=1.58 EG=1.17 FC=.5 XTI=3.5) 


— 
oo 
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20 
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OD 
Ov 
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MODEL SCH1 D(IS=1.2E-13 CJO=3.8E-16 RS=2.2E4 VJ=0.75 M=.5 EG=0.75 XTl=2 
+N=1.13 BV=12) 





-MODEL DRN D(IS=2E-16 CJO=1E-12 VJ=0.67 M=©.44) 

-MODEL DRP D(IS=2E-16 CJO=1E-12 VJ=0.74 M=©.41) 

MODEL 2T3 D(IS=1.26E-17 IBV=1E-9 BV=5.8 RS=110 CJO=7.92E-14) 
“MODEL 2712 D(IS=5.04E-17 IBV=1E-9 BV=5.8 RS=50 CJO=2.03E-13) 
-MODEL ZTLN1 D(IS=5.6E-16 IBV=1E-9 BV=5.8 RS=1.3 CJO=2.74E-12) 
-MODEL 2150 D(IS=3.0E-15 IBV=1E-9 BV=5.8 RS=0.85 CJO=12.7E-12) 
MODEL JCPC D(IS=2E-16 CJO=1E-12 VJ-0.90 M=.35 BV=5) 
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Table 10.2: Transistor Models at Maximum Beta 
and Maximum Zener Voltage 


.MODEL T3 NPN(IS=1.26E-17 BF=147 BR=©.7 ISE=@ ISC=© IKF=2.7E-3 IKR=7.2E-3 

+NE=1.5 NC=1.5 TF=2.27E-19 TR=2.27E-9 CJE=7.71E-14 CJC=5.74E-14 VJE=0.88 VIC=0.74 
+MJE=©.42 MJC=©0.41 CJS=2.82E-13 VJS=0.67 MJS=©.44 VAF=17 VAR=4.25 RC=87.34 
+RB=104@ RE=1.587 XTB=1.58936 EG=1.17 FC=0.5 XT|=3.5) 


-MODEL T12 NPN(IS=5.04E-17 BF=177 BR=©.7 ISE=© ISC=© IKF=1.08E-2 IKR=2.88E-2 
+NE=1.5 NC=1.5 TF=2.27E-10 TR=2.27E-9 CJE=2.03E-13 CJC=1.01E-13 VJE=0.88 
4+VJC=0.74 MJE=0.42 MJC=0.41 CJS=3.62E-13 VJS=0.67 MJS=@.44 VAF=17 VAR=4.25 
+RC=55.72 RB=473 RE=©.397 XTB=1.58936 EG=1.17 FC=©.5 XTl=3.5) 


-MODEL TLN1 NPN(IS=5.6E-16 BF=151 BR=©.7 ISE=© ISC=© IKF=1.2E-1 IKR=3.2E-1 
+NE=1.5 NC=1.5 TF=2.27E-10 TR=2.27E-9CJE=2.74E-12 CJC=1.35E-12 VJE=0.88 
+VJC=0.74 MJE=0.42 MJC=@.41 CJS=1.27E-12 VJS=0.67 MJS=0.44 VAF=17 VAR=4.25 
+RC=18.88 RB=12.3 RE=0.036 XTB=1.58936 EG=1.17 FC=0.5 XT|=3.5) 


.MODEL T3S NPN(IS=1.26E-17 BF=147 BR=©.7 ISE=© ISC=© IKF=2.7E-3 IKR=7.2E-3 
+NE=1.5 NC=1.5 TF=2.27E-10 TR=2.27E-9 CJE=7.71E-14 CJC=6.03E-14 VJE=0.88 VJC=0.74 
+MJE=0.42 MJC=0.41 CJS=2.87E-13 VJS=0.67 MJS=0.44 VAF=17 VAR=4.25 RC=0 
+RB=1049 RE=1.587 XTB=1.58936 EG=1.17 FO=0.5 XTl=3.5) 

*COLL R=87.3 SCH AREA=50 SCH RES=44.5 


.MODEL T3@S NPN(IS=3.36E-16 BF=211 BR=©.7 ISE=© ISC=© IKF=7.2E-2 IKR=1.92E-1 
+NE=1.5 NC=1.5 TF=2.27E-10 TR=2.27E-9 CJE=9.78E-13 CJC=4.15E-13 VJE=0.88 
4+VJC=0.74 MJE=0.42 MJC=0.41 CJS=7.96E-13 VJS=9.67 MJS=©.44 VAF=17 VAR=4.25 
+RC=@ RB=149 RE=0.06 XTB=1.58936 EG=1.17 FC=©.5 XT|=3.5) . 

*COLL R=7.4 SCH AREA=92.6 SCH RES=18 


MODEL TLP1 PNP(IS=2.8E-16 BF=92 BR=@.5 ISE=@ ISC=© IKF=@.3E-3 IKR=9E-4 

+NE=1.5 NC=1.5 TF=3.54E-8 TR=1.06E-7 CJE=1.14E-13 CJC=5.8E-13 VWIE=@.74 

+VJC=0.74 MJE=0.41 MJC=0.41 CJS=@ VAF=16.1 VAR=5.38 RC=10@ RB=5@ RE=5 XTB=1.3 
+EG=1.17 FC=O.5 XTI=3.5) 

*BASE-SUBSTRATE CAPC=.815 


.MODEL T5@ NPN(iS=3.6E-14 BF=180 BR=.7 ISE=0 ISC=© IKF=.67 IKR=1.79 NE=1.5 
+NC=1.5 TF=2.27E-19 TR=8.97E-8 CJE=12.12E-12 CJUC=5.75E-12 VJE=.88 VJC=.74 
+MJE=.42 MJC=.41 CJS=4.6E-12 VJS=.67 MJS=.44 VAF=17 VAR=4.25 RC=.6 RB=8.1 
+RE=.006 XTB=1.58 EG=1.17 FC=.5 XT|=3.5) 


MODEL T5@S NPN(IS=3.6E-14 BF=180 BR=.7 ISE=© ISC=© IKF=.67 IKR=1.79 NE=1.5 
+NC=1.5 TF=2.27E-19 TR=8.97E-8 CJE=12.12E-12 CUC=6.6E-12 VJE=.88 VJC=.74 
+MJE=.42 MJC=.41 CJS=6.04E-12 VJS=.67 MJS=.44 VAF=17 VAR=4.25 RC=© RB=8.1 
+RE=.006 XTB=1.58 EG=1.17 FC=.5 XTl=3.5) 

*COLL R=6.82 SCH AREA=500 SCH RES=6.56 


5 
cr 
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MODEL SCH1 D(IS=1.2E-13 CJO=3.8E-16 RS=2.2E4 VJ=0.75 M=0.5 EG=0.75 XTl=2 
+N=1.13 BV=12 


-MODEL DRN D(IS=2E-16 CJO=1E-12 VJ=©.67 M=@.44) 
-MODEL DRP D(IS=2E-16 CJO=1E-12 VJ=0.74 M=.041) 
.MODEL ZT3 D(IS=1.26E-17 IBV=1E-9 BV=6.2 RS=110 CJO=7.92E-14) 


.MODEL ZT12 D(IS=5.04E-17 IBV=1E-9 BV=6.2 RS=50 CJO=2.03E-13) 


MODEL ZTLN1 D(IS=5.6E-16 IBV=1E-9 BV=6.2 RS=1.3 CJO=2.74E-12) 
MODEL ZT5@ D(IS=3.E-15 IBV=1E-9 BV=6.2 RS=©.85 CJO=12.7E-12) 
MODEL JCPC D(IS=2E-16 CJO=1E-12 VJO=.90 M=.35 BV=5) 
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Table 10.3: Transistor Models at Worst-Case Fast 


MODEL T3 NPN(IS=1.26E-17 BF=84 BR=.7 ISE=© IKF=.00324 IKR=.00864 NE=1.5 NC=1.5 
+TF=1.98E=10 TR=1.98E-9 CUE=6.17E-14 CJC=4.65E-14 VJE=.88 VJC=.74 MJE=.42 MJC=.41 
+CJS=2.17E-13 VJS=.67 MJS=.44 VAF=29 VAR=7.25 RC=76.6 RB=615 RE=1.32 XTB=1.59 
+EG=1.17 FC=.5 XTl=3.5 XCJC=.129) 


MODEL T12 NPN(IS=5.04E-17 BF=191 BR=.7 ISE=© IKF=.013 IKR=.0346 NE=1.5 NC=1.5 
+TF=1.98E-10 TR=1.98E-9 CJE=1.62E-13 CUC=8.62E-14 VJE=.88 VJC=.74 MJE=.42 MJC=.41 
+CJS=2.77E-13 VJS=.67 MJS=.44 VAF=29 VAR=7.25 RC=48.9 RB=280 RE=.331 XTB=1.59 
+EG=1.17 FC=.5 XT1=3.5 XCJC=.278) 


-MODEL TLN1 NPN(IS=5.6E-16 BF=86 BR=.7 ISE=©@ IKF=.144 IKR=.384 NE=1.5 NC=1.5 
+TF=1.98E-10 TR=1.98E-9 CJE=2.19E-12 CUC=1.14E-12 VJE=.88 VJC=.74 MJE=.42 MJC=.41 
+CJS$=9.41E-13 VJS=.67 MJS=.44 VAF=29 VAR=7.25 RC=16.5 RB=7.37 RE=.0298 XTB=1.59 
+EG=1.17 FC=.5 XTl=3.5 XCJC=.0981) 


MODEL T59 NPN(IS=3.1E-15 BF=1903 BR=.7 ISE=© IKF=.84 IKR=2.15 NE=1.5 NC=1.5 
+TF=1.98E=10 TR=1.98E-9 CJUE=9.67E-12 CJC=4.88E-12 VJE=.88 VJC=.74 MJE=.42 MJC=.41 
+CJS$=3.31E-12 VJS=.67 MJS=.44 VAF=29 VAR=7.25 RC=.50 RB=4.8 RE=.005 XTB=1.59 
+EG=1.17 FC=.5 XT1I=3.5 XCJC=.3) 


MODEL T3S NPN(IS=1.26E-17 BF=84 BR=.7 ISE=© IKF=.0@324 IKR=.00864 NE=1.5 NC=1.5 
+TF=1.98E-10 TR=1.98E-9 CJE=6.17E-14 CUC=5.12E-14 VJE=.88 VJC=.74 MJE=.42 MJC=.41 
+CJS=2.22E-13 VJS=.67 MJS=.44 VAF=29 VAR=7.25 RC=© RB=615 RE=1.32 XTB=1.59 
+EG=-1.17 FC=.5 XT1=3.5 XCJC=.117) 

*COLL R=76.6 SCH AREA=5@ SCH RES=4@.1 


MODEL T30S NPN(IS=3.36E-16 BF=120 BR=.7 ISE=© IKF=.0864 IKR=.23 NE=1.5 NC=1.5 
+TF=1.98E=19 TR=1.98E-9 CJE=7.83E-13 CJC=3.53E-13 VJE=.88 VJC=.74 MJE=.42 MJC=.41 
+CJS=7.96E-13 VJS=.67 MJS=.44 VAF=29 VAR=7.25 RC=© RB=87.2 RE=.0496 XTB=1.59 
+EG=1.17 FC=.5 XTl=3.5 XCJC=.386) 

*COLL R=6.45 SCH AREA=92.6 SCH RES=16.2 


MODEL T5@S NPN(IS=3.1E-15 BF=103 BR=.7 ISE=© IKF=.84 IKR=2.15 NE=1.5 NC=1.5 
+TF=1.98E-10 TR=1.98E-9 CJE=9.67E-12 CUC=5.604E-12 VJE=.88 VJC=.74 MJE=.42 MJC=.41 
+CJS=4.34E-12 VJS=.67 MJS=.44 VAF=29 VAR=7.25 RC=.5@ RB=4.8 RE=.005 XTB=1.59 
+EG=1.17 FC=.5 XTl=3.5 XCJC=.25) 

*COLL R=6.05 SCH AREA=50@ SCH RES=5.91 


MODEL TLP1 PNP(IS=2.8E-16 BF=55 BR=.632 ISE=@ IKF=.00@36 IKR=.001@8 NE=1.5 NC=1.5 
+TF=2.83E-8 TR=8.5E-8 CJE=9.69E-14 CJC=4.93E-13 WE=.74 VJC=.74 MJE=.41 MUC=.41 
+CJS=@ VJS=1 MJS=1 VAF=27 VAR=9 RC=76.5 RB=42.5 RE=4.05 XTB=.811 EG=1.17 

+FC=.5 XT1=3.5 XCJC=.8) 

*BASE-SUBSTRATE CAPAC= .612 


2) 
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MODEL SCH1 D(IS=1.2E-13 CJO=3.8E-16 RS=2.2E4 VJ=0.75 M=0.5 EG=0.75 XTl=2 
+N=1.13 BV=12 





-MODEL DRN D(IS=2E-16 CJO=.8E-12 VJ=0.67 M=0.44) 
-MODEL DRP D(IS=2E-16 CJO=.8E-12 VJ=0.74 M=@.41) 
MODEL ZT3 D(IS=1.26E-17 IBV=1E-9 BV=6.0 RS=119 CJO=6.34E-14) 


MODEL 2712 D(IS=5.04E-17 IBV=1E-9 BV=6.0 RS=5@ CJO=1.62E-13) 


-MODEL ZTLN1 D(IS=5.6E-16 IBV=1E-9 BV=6.0 RS=1.3 CJO=2.19E-12) 
“MODEL ZT5@ D(IS=3.0E-15 IBV=1E-9 BV=6.0 RS=@.85 CJO=10.16E-12) 
-MODEL JCPC D(IS=2E-16 CJO=.8E-12 VJO=0.90 M=.35 BV=5) 





11-33 





VJ800 USER'S GUIDE 


Figure 18: Schematic for SPICE Netlist Example Table 11: SPICE Netlist Example 
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Table 12.1 
RESISTOR TABLE FOR VJ800 ANALOG MASTER CHIP 
BASE TYPE RESISTOR 


Name: A 
R c1 c2 N R c1 c2 N R c1 c2 N 
ohm pF pF ohm pF pF ohm pF pF 
159 .042 .086 0O 165 .042 .086 O 170 .043 085 O 
176 .044 .084 0 181 .045 .083 O 187 .046 .082 O 
192 .047 .081 0 198 .048 .080 0 203 .049 079 O 
209 .049 .079 1 214 .050 .078 1 220 .O51 O77 = 1 
225 .052 .076 1 231 .053 .075 1 236 .054 074 1 
242 .055 .073 1 247 .056 .072 1 253 .056 .072 1 
258 .057 .071 1 264 .058 .O70 1 269 .059 .O069 1 
275 .O60 .068 1 280 .061 .067 1 286 .062 066 1 
291 .063 .065 1 297 .063 .065 1 300 .064 .064 1 
N is the number of available route channels. 
Table 12.2 
RESISTOR TABLE FOR VJ800 ANALOG MASTER CHIP 
BASE TYPE RESISTOR 
NAME: B 
R c1 c2 N R cl c2 N R c1 c2 N 
ohm pF pF ohm pF pF ohm pF pF 


188 .036 = .132 
208 .038 ~~ .130 
227 =.040 = =.128 
247 =.043—. 125 
266 .045 = .123 
286 .047 ~~ .121 
305 .050 ~ .119 
325 .052  .116 
344 .054 «114 
364 .056 .112 
383 .059 .109 
403 .061 .107 
422 .063 .105 
442 .066  .103 
461 .068  .100 
481 .070  .098 
500 .072 = .096 
519 .075 = .093 
539 .077 ~~ .091 
558 .079 ~ .089 
578 .081 # .087 
597 .084 .084 


195 037 = .131 
214 039 = .129 
234 041 .127 
253 043 =.125 
273 046 8 .122 
292 048 = .120 
312 050 = .118 
331 053 =.116 
351 055 = .113 
370 O57 «111 
390 059 ~=.109 
409 062 .106 
429 064 .104 
448 066 = .102 
468 069 ~=.100 
487 071 .097 
506 073 =.095 
526 075 =.093 
545 078 .090 
565 080 .088 
584 082 .086 
600 084 .084 


201 037 = .131 
221 040 = =.128 
240 042 = =.126 
260 044 .124 
279 046 .122 
299 049 .119 
318 .051 117 
338 053.115 
357 056 .112 
377 058 = .110 
396 060 .108 
416 062 .106 
435 065 = .103 
455 067 =. 101 
474 069 .099 
494 072 .097 
513 074 .094 
532 076 .092 
552 .078 .090 
571 .081 .087 
591 .083 .085 
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Table 12.3 


BASE TYPE RESISTOR 


NAME: C 


R 
ohm 


181 
200 
219 
238 
256 
275 
294 
313 
331 
350 
369 
388 
406 
425 
444 
463 
481 
500 
519 
537 
556 
575 
594 
613 
631 
650 
669 
688 
706 
725 
744 
763 
781 
800 
819 
838 
856 
875 
894 
912 
931 
950 
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ce 


pF 


.037 
.039 
.042 
.044 
.047 
.049 
.051 

.054 
.056 
.058 
.061 

.063 
.065 
.068 
.070 
072 
.075 
.077 
.079 
.082 
.084 
.087 
.089 
.091 

.094 
.096 
.098 
.101 

.103 
.105 
.108 
.110 
112 
hI 
rae 
.119 
.122 
124 
.127 
.129 
.131 

.134 


c2 
pF 


.293 
.291 

.288 
.286 
.283 
.281 

.279 
.276 
.274 
.272 
.269 
.267 
.265 
.262 
.260 
.258 
.255 
.253 
.251 

.248 
.246 
.243 
244 

1239 
.236 
1234 
.232 
.229 
1227 
.225 
1222 
.220 
.218 
.215 
.213 
211 
.208 
.206 
.203 
.201 
.199 
.196 


NUN MMAMMAMDMOKNAUNMUAHHPHPAHPHPWWWWWWNHNNNNNAAAAHAHAOOO 


R 
ohm 


188 
206 
225 
244 
263 
281 
300 
319 
338 
356 
375 
394 
413 
431 
450 
469 
487 
506 


020 


544 
563 
581 
600 
619 
638 
656 
675 
694 
ENS 
731 
750 
769 
787 
806 
825 
844 
863 
881 
900 
919 
938 
956 


cl 
pF 


.038 
.040 
.043 
.045 
.047 
.050 
.052 
.054 
.057 
.059 
.061 

.064 
.066 
.068 
.071 

.073 
.076 
.078 
.080 
.083 
.085 
.087 
.090 
.092 
.094 
.097 
.099 
.101 

.104 
.106 
.108 
111 
.113 
.116 
.118 
.120 
.123 
.125 
.127 
.130 
.132 
.134 


c2 
pF 


.292 
.290 
.287 
.285 
.283 
.280 
.278 
.276 
.273 
ver 

.269 
.266 
.264 
.262 
.259 
Zor 
.254 
s202 
.250 
.247 
.245 
.243 
.240 
.238 
.236 
.233 
.231 

.229 
.226 
224 
1221 
.219 
sed. 
.214 
.212 
.210 
.207 
.205 
.203 
.200 
.198 
.196 
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ohm 


194 
212 
231 
250 
269 
288 
306 
S20 
344 
362 
381 
400 
419 
438 
456 
475 
494 
512 
531 
550 
569 
588 
606 
625 
644 
662 
681 
700 
719 
738 
756 
115 
794 
813 
831 
850 
869 
888 
906 
925 
944 
963 


ci 
pF 


.039 
041 
.043 
.046 
.048 
.050 
.053 
.055 
.057 
.060 
.062 
.065 
.067 
.069 
O72 
.074 
.076 
.079 
.081 
.083 
.086 
.088 
.090 
.093 
:095 
.098 
.100 
.102 
.105 
mos 
.1093 
-t12 
.114 
.116 
19 
121 
.123 
.126 
.128 
.130 
133 
.135 


c2 
pF 


.291 
.289 
.287 
.284 
.282 
.280 
277 
2215 
re 
:210 
.268 
.265 
.263 
.261 
5258 
“256 
.254 
i201 
.249 
.247 
.244 
.242 
.240 
.237 
.235 


.232 
2230 
.228 
.225 
.223 
221 
.218 
2216 
.214 
Pale 
,209 
.207 
.204 
.202 
.200 
.197 
.195 
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R ct c2 N R cl c2 N R c1 c2 N 
ohm pF pF ohm pF pF ohm pF pF 


969 .136 .194 
988 .138 .192 
1006 .141 .189 
1025 .143 = .187 
1044 .145 = .185 
1063 .148 = .182 
1081 .150 .180 
1100 .152 .178 
1119 .155 .175 
1138 .157 = .173 
1156 .160 .170 
1175 .162 .168 
1194 .164 .166 


975. «137 «193 
994 .139 .191 
1013. 141 .189 
1031 .144 .186 
1050  .146 .184 
1069 .149 .181 
1087 =.151 .179 
1106 .153  .177 
1125 .156 .174 
1144 .158 .172 
1163 .160 .170 
1181 .163 .167 
1200 .165 .165 


981 .138 .192 
1000 .140 .190 
1019 .142 .188 
1038 .145  .185 
1056 .147 .183 
1075 149.181 
1094 .152 .178 
1113 154.176 
1131 .156 174 
1150 .159  .171 
1169 .161  .169 
1188 .163 .167 
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VJ800 CHIP PAD TO PACKAGE PIN CORRESPONDENCE TABLE 
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Table 13 
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TESTING FOR THE VJ800 

Packaged sample parts are tested on VTC's Automatic 
Test Equipment (ATE). Simple DC functional and 
parametric tests (force and measure voltages and 
currents) are performed. More detailed tests require a 
special quote. Loads are soldered to a header, which 
will be plugged into a socket close to the socket for the 
Device Under Test (DUT). VJ800. users must provide 
the following information: 


Load Schematic: Using the schematic provided with 
the VJ800 Design System (Figure 19), connections for 
loads (shorts, diodes, resistors, and/or capacitors) are 
drawn between any of the DUT pins as required. (Note: 
A 40-pin DUT is shown. Edit pinouts for devices of less 
than 40 pins.) The diodes are 1N914s. The resistors 
are 1%, 1/4W, metal film resistors of values from 10.0 to 
1,000,000 ohms. All available resistor values are listed 
in Table 14. 


Table 14: 


VJ800 USER'S GUIDE 


The capacitors are 10%, 50 VDC, radial leaded 
monolithic ceramic capacitors of values from 10pF to 
2.2uF. All available capacitor values are listed in Table 
15. Other values or types of diodes, resistors and 
capacitors may be used if supplied by the VJ800 user. 


Test Step Specification: The test specification 
sheet (Figure 20) must be filled out for every test 
desired. Several pins may be measured in a single test 
step. Any pin may be simultaneously forced and 
measured in the same test step. Voltages of +1.0mV to 
+100V and currents of +5nA to +256mA may be forced 
and/or measured. 


Readily Available Load Resistor Values (in ohms) 


22.1K 24.3K 
40.2K 46.4K 





Table 15: 


Readily Available Capacitor Values 
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Figure 19: DUT Schematic: 





Figure 20: Test Specification Sheet 
VJ800 TEST SPECIFICATION SHEET (Page of ) 
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DESIGNER'S CHECKLIST FOR THE 
VJ800 ANALOG MASTER CHIP 


Below is a list of items which must be completed before the 
design can be considered finished: 


DESIGN 


(J DC performance characteristics checked by simulation. 
Critical AC performance characteristics checked by 
simulation. 

[_] Breakdown voltage limits are not exceeded. 

[_] Worst-case simulation performed over temperature, 
power supply voltage, beta and resistance variations. 

DC, AC and proper circuit bias characteristics maintained 
over all conditions. Transistor saturation avoided under all 
conditions. 

[] Critical circuits simulated for resistor and/or transistor 
mismatch. 

[1] Circuits with multiple supply voltages analyzed for possible 
power sequencing problems. 

[_] Maximum chip power dissipation within acceptable limits 
for package used. 


LAYOUT 


[_] Layout checked against schematic. 

[-] Metal line resistance and/or capacitance and via resistance 
calculated and evaluated where important. 

[[] Maximum metal and/or via current not exceeded under 
worst-case conditions. 

[-] Power supply bussing arranged to minimize crosstalk 
between large-signal and small-signal circuits. 

LJ Adequate substrate contacts and resistor island contacts. 


INFORMATION RETURNED TO VTC 


[-] Completed layout plot. 

[-] Complete circuit schematic. 

[1 Description of package type and pinout. 

L_] Table of resistor number versus resistor value. 
[-] DUT schematic showing loads for testing. 

[_] Test specification sheets. 
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FEATURES 

«Linear Functions: Amplifiers, Comparators, DACs, 
References 

«Digital Functions: Gates, Flip-Flops, Decoders, Three 
Power/Speed Levels for Optimum Performance 

*Memory Functions: RAM or ROM 

*TTL or ECL 10k I/O Levels 

«Component Library Available to Create Unique or Proprietary 
Functions 

*Workstation/PC-Based 

«Amplifier Bandwidth to 200OMHz 

Digital Clock Rates to 6(OMHz 

*Suitable for +5 or 12 Volt Power Supplies 

*Available in Most Industry-Standard Packages 

*Samples Available in 10 Weeks 


APPLICATIONS 
*Peripherals 
*Telecommunications 
«Automatic Test Equipment 
*Discrete Circuit Replacement 
«Analog Signal Processing 
«Linear/Digital Subsystems 
*Linear LSI Subsystems 


DESCRIPTION 

The VL1000 Linear Bipolar Cell Library contains a wide 
variety of predesigned linear, digital and memory functions, 
which provide the system designer versatile, cost-effective 
methods for LSI circuit design. With the VL1000, the designer 
can mix linear and digital circuits on the same chip without 
having to design at the transistor level, and still maintain high 
performance. 

The well-defined, basic linear functions (i.e., Amplifiers, 
Comparators, etc.) can be used directly to convert discrete 
designs into LSI linear designs. 

The digital cells have three power/speed levels that allow 
optimal power-speed trade-off. The input and output cells offer 
both TTL and ECL 10K compatibility. 

Both RAM and ROM memory functions are available by 
special request. The need for these functions should be 
discussed with VTC. 

Included as a subset to the VL1000 Cell Library is a 
component library for custom cell design. This allows design of 
unique or proprietary circuits from predefined transistors, 
resistors and capacitors. 

The VL1000’s advanced semiconductor process provides low 
noise, wide bandwidth linear circuits, and high-speed digital 
and memory circuits. The dual-metal, high-density cells are 
structured to minimize silicon area, and to facilitate interconnect 
and routing. This means increased performance and 
economical chip size. 


VL1000 


LINEAR BIPOLAR CELL LIBRARY 


DESIGNING WITH THE VL1000 

Easy implementation of complex linear and digital LSI 
designs on a single integrated circuit is accomplished with the 
VL1000 Cell Library. The design system includes: 

@ VL1000 Data Sheet 

@ VL1000 User’s Guide 

@ Component Design Manual 
@ Workstation Instructions 

Using a workstation, the designer can enter and simulate a 
custom design with the library's predesigned cells. If there is a 
need for unique or proprietary circuits, the VL1000 component 
library is available. The custom cells can be mixed with 
standard cells. 

The VL1000 methodology results in an efficient, quick-turn, 
error free design. 

When circuit simulation is complete a diskette or tape is sent 
to VTC for circuit layout and fabrication. Layout time is minimal 
because only the cells need to be interconnected. 

The designer has the option to receive either: 

1. Samples tested to a simple DC functional test; or 
2. Fully tested samples to the designer's specification.” 


*Costs and time required for fully-tested samples are greater than for 
DC-tested samples. 
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DIGITAL CELLS 
TYPICAL PERFORMANCE, 5V, 25°C, 2 LOADS 
ae MED [ow 

NAME mus [Pen | Sosy [ps [ps 

SIMPLE GATES: 

FLIP FLOPS: 
cineri—SSC~“‘“‘*~*sr SY || ee | to |e 
i: Seneca ees Oe He OB WT GeO el 
raweraSSSCS™S~d ts ats) a) tse | 60 [ore | 102 

SPECIAL PURPOSE: 
ToLockeur——=—=s=“‘“‘C*SOOS*CCS CCPC dC dC 
reese ee ee 

INPUT/OUTPUT BUFFERS: 
eon. ee I ee ee 
rossurout—=~=“‘ét*sr OS ~CTO— CTO) te | a | — ‘| 
rossurouris——=~=“‘sUCOT CTY te | er | — | — 
roseurouroc—~—=~=“‘irt ws | Cd] ted) tee fd 
rescummm —SC*ipSCia | Cd | PO dO 
ripeuriniox——S*dYC a | Yeo | | 
rossurouTiox—SCi es | YC we | es | 

MSI FUNCTIONS: 


BIAS GENERATORS: 
VCSGEN 

VBBGEN 
BIASGEN10K 


34.4 
84.4 
43.7 


23 
19.6 


9.80 


10.4 


oh. 
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LINEAR CELLS 


AREA lee SUPPLIES 

NAME MILS? MA Veo — Vee COMMENTS 

DIGITAL TO ANALOG CONVERTERS: 

Five Bit DAC 732 4.25 5 Five Bit Digital to Analog Converter with Current 
Output 

Six Bit DAC 875 5.0 5 Six Bit Digital to Analog Converter with Current 
Output 

Seven Bit DAC 1044 icon Seven Bit Digital to Analog Converter with Current 


Output 


Eight Bit DAC 1225 ie 4 Eight Bit Digital to Analog Converter with Current 
Output 

















OPERATIONAL AMPLIFIERS: 


OPAMP-A 5, 10, 12 General Purpose 741 Operational Amplifier 


269 | 10 | 5,10, 

OPAMP-B | 325 =| 1.0 | 510,12 | High Input Impedance 741 Operational Amplifier 

OPAMP-C 207. | 1.0 | 5,10,12 | Minimum Size 741 Operational Amplifier 
Paes 


5.6 
6.2 
1.0 
1.0 
1.0 
4.0 


OPAMP-D 5, 10, 12 High Drive 741 Operational Amplifier 
VOLTAGE REFERENCES: 


Widlar Bandgap 207 2.0 5, 10, 12 Temperature and Supply Compensated Voltage 
Reference 
Brokaw Bandgap 280 0.65 5, 10, 12 Temperature and Supply Compensated Voltage 
Reference with Variable Output 
2.0 
1.0 









PTAT Bandgap 157 5, 10, 12 Temperature and Supply Compensated Voltage 
Reference 

Widlar 2-Bandgap 110 10,12 Temperature and Supply Compensated Voltage 
Reference with Positive Supply Referenced 
Output 


CURRENT REFERENCES: 


Zener Current Reference 107 10,12 Temperature and Supply Compensated Current 
Reference 

External Zener Reference 12 Temperature and Supply Compensated Current 
Reference. Magnitude of Output Current is 
Controlled Externally 


119 
PTAT Current Reference 109 5, 10, 12 Generates Output Current Proportional to 
244 ; 















Absolute Temperature 


Bandgap Current Source 0.5 10,12 Temperature and Supply Compensated DAC 
Reference 
ie: 





COMPARATORS: 


339 Comparator 5,10, 12 General Purpose Voltage Comparator 


CML Compatible Comparator Voltage Comparator with CML Compatible 7 
Outputs 


WIDEBAND AMPLIFIERS: 


733 Video Amplifier 10, 12 Differential Input, Differential Output, Low Noise 
Amplifier 


“Dependent on Output Current Magnitude 
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VL1001 


EVALUATION CHIP 

FOR THE VL1000 LINEAR 

BIPOLAR CELL LIBRARY 

FEATURES: HIGH OUTPUT OPAMP This cell is a 741 architecture 

@ Eight Bit Digital-to-Analog Converter operational amplifier. The output of the opamp can supply 

@ Eight Bit Counter 25mA of load current. The inverting input is identified as 

e 733 Differential Video Amplifier OPAMP VM and the non-inverting input as OPAMP_ VP. 

e Widiar Bandgap Voltage Reference HIGH SPEED COMPARATOR The comparator on the chip is 

@ High Speed Comparator a high speed comparator with CML compatible outputs that are 

@ High Output 741 Operational Amplifier buffered to the external pins. The comparator exhibits 5mV of 
hysteresis for faster switching and shorter rise and fall times. 

FUNCTIONAL BLOCK DIAGRAM: The inverting input to the comparator is designated as 


COMP_VM and the non-inverting input to the comparator is 
designated as COMP _VP. The cell has complementary CML 
OPAMP_OUT outputs, which are buffered to TTL levels for external outputs. 
O 733 DIFFERENTIAL VIDEO AMPLIFIER This cell is a 
wideband differential input, differential output amplifier. The cell 
can be connected in three different gain configurations. The 


DEE > ©) oPAMP_vM inverting input to the cell is designated 733_VM and the non- 
WIDLAR_VOUT OPAMP fl inverting input is 733_VP. 
t () oPpamp_ve 
DIFFERENTIAL VOLTAGE GAIN SYMBOL TYP 
(R,=50 Ohms, R, = 2K Ohms, 
Vour= 3Vpp) 







() csia 


() 733_0uT 





O Fvevn Gain 1 (Note 1) 
() Fivev_out Gain 2 (Note 2) A, 
() 733_0uTB Gain 3 (Note 3) 
cs28 () C) ssi8 Note 1: Pins GS1A and GS1B connected together. 
Note 2: Pins GS2A and GS2B connected together. 
comP_vm (_) C© come_out Note 3: Gain Select pins open. 
COMP C) 6 () comp_ours 
CONNECTION DIAGRAM: 
ENABLEN () 
RESET ( ) (_) HLsB1 
HLSB1 1 VCG 
SET () (_) HLsB2 
ro HLSB2 2 CLOCK 
OWN 
ie, 0! Cra ES UP/DOWN 
sae ©, O #8 COMP __OUT 4 CLEAR 
s voo CE OC ces COMP _VP 5 SET 
xf ee COMP_VM (] 6 N/C 
art GS28) 47 ENABLEN 
ro) vee () 
a2 COMP_OUTB 4 8 WIDLAR_ VOUT 
n= GS2A Y7 
” PISO T Y6 
733_OUTN ¥S 
DESCRIPTION: GS1B FIVEV_OUT 
The VL1001 evaluation chip is an integrated sample of 733 INM v4 
analog and digital cells from the VL1000 Linear Bipolar Cell 733 INP iB 
Library. The chip contains examples of several basic analog GC St A 
functions, as well as examples of digital functions. All of the © | 
inputs and outputs to the cells are pinned out individually to OPAMP _OUT FIVEV_IN 
allow the user to exercise the cells on an individual basis. The OPAMP __VP %3 
cells on the chip can also be connected together to form an OPAMP _VM Y2 


analog-to-digital converter subsystem. Suggested power VDD 1 
supplies are V,,= 10 volts, Voc = 5 volts and V.- = GROUND. VEE YO 

More information about the cells contained on the chip, is in 
the VL1000 Design Manual. 
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CELL LEVEL BLOCK DIAGRAM 





VL1001 




















ENABLENC> 





























OPRMP_VPL> 


[>COMP_OUT 


FIVEV_INC> 


C>COMP_OUTB 


WIDLAR BANDGAP The Widlar Bandgap cell is an example 
of a voltage and temperature compensated voltage reference. 
The nominal output voltage of the cell is 1.24 volts. The cell is 
powered from the V,, power supply. The output impedance of 
the cell is typically 2 Ohms for Ioy;<1.5mA. 

8 BIT COUNTER This function is realized using various types 
of CML combinational and sequential logic from the VL1000 
Celt Library. All of the inputs and outputs of the counter are TTL 
compatible. The counter will count in an up or down mode. 
Asynchronous set and reset inputs are provided as well as a 
counter enable input. A truth table is shown below: 


r+ [ool x | x [NoAdion 
x fo [x |x foutputs Reset to 0 
x [ox |x outputs Set to 1 
x 

\ 


po fo fot 4 | [Countdown 
X= Don't Care 


\ = Falling Edge 















[ >WIDLAR_VOUT 


GS1BL> 
GS1ALS 


733_VMC> [>733_0UT 
C>FIVEV_OUT 


733_VPC> 


GS2eAL> 
CSeBL> 


C>733_0UTB 


8 BIT DIGITAL-TO-ANALOG CONVERTER This cell 
is an 8 bit digital-to-analog converter with analog current 
output. The data inputs to the cell are accessible only from the 
output of the 8 bit counter. The CEB input is used as a DAC 
enable and is TTL-compatible. Four outputs are provided from 
the DAC: two 1/2LSB lines called HLSB1 and HLSB2, a true 
analog output current "I" and its complement "IB." These 
outputs must be tied to Voc when notin use. When using | or 


IB as an analog current output, the output pin must be held at a 
voltage greater than or equal to Voc. This ensures that the 


ouput will not saturate. 
Full Scale Output Current 
Relative Accuracy 1/4LSB 


To | fopata input ———_—d| 
of Fata input 










X= Don't Care 
/= Rising Edge 
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VL1001 


TTL Inputs and Outputs for Input and Output Buffers: TYPICAL APPLICATION: 


Function: Refer to the functional diagram shown below for a 
PARAMETER | TEST CONDITION | MIN | TYP | MAX | UNITS functional description. After being powered up, the Clock signal 
ea eee Fe eee ee 






will start the counter cell counting up. The counter output is the 
input to the DAC, and the output current of the DAC is turned 
into a voltage with the OPAMP. The translator cell shifts the 
output voltage of the OPAMP into the input range of the 
comparator. The comparator cell compares the OPAMP output 
with the analog input and decides if the counter cell should 
count up or count down. When the final digital output is 
reached, the counter will toggle between two outputs, 
separated by a least significant bit. 

The maximum clock frequency will be controlled by the loop 
propagation delay. The clock period cannot be less than the 
loop delay or the converter will be unstable. The analog input 
must be between 1.7 and 3.1 volts to be in the input range of 
the comparator. The value of R1 can be adjusted to control the 
output voltage swing of the OPAMP. - 





FIVE VOLT TRANSLATOR This cell is not part of the VL1000 
Cell Library and is provided on the chip for the purpose of 
realizing the typical application as shown below. 


VL1001 CONNECTION DIAGRAM FOR AN 8 BIT 
ANALOG-TO-DIGITAL CONVERTER 


8 BIT DIGITAL 
OUTPUT 


OPAMP _OUT 


FIVEV_IN 


1d 
Fe 
Ww 
io) 
O 
on 
”n 





CLOCK 


COUNTER 


UP /DOWN 


O 
ANALOG INPUT 
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FEATURES 

@ Data Sheet 

@ User's Guide 

@ Design Manual 

@ Design Notes 

@ Evaluation Chip Data Sheet 
(chip available on request) 

@ Database Software 

@ Technical Support 


APPLICATIONS 

@ Peripherals 

® Telecommunications 

@ Automatic Test Equipment 

@ Instrumentation 

@ Local Area Networks 

® Discrete Circuit Replacement 


DESCRIPTION 

The information and procedures given in the VL1000 Linear 
Bipolar Cell Library Design System result in efficient, quick- 
turn, error-free designs. 

The designer can implement complex linear and digital 
LS! designs on a single integrated circuit using the cell 
library provided with the VL1000 Design System. 

The VL1000 User's Guide contains instructions for loading 
the ceil library on an Apollo/Mentor workstation. The database 
software includes all the cell and component libraries needed to 
begin designing. The User's Guide describes how to create 
diagrams and schematics using the VL1000 cells and compo- 
nents, and how to execute simulations. A summary description 
and specification for each linear cell is given, along with digital 
cell design guidelines and specifications. In addition, it provides 
information for the designer to create special circuits. Custom 
designs are made easy with use of predesigned cells. Unique 
and proprietary circuits (cells) can also be built with the VL1000 
component library. Custom cells can be mixed with standard 
cells in the design. 

Testing requirements are given, and packaging characteris- 
tics described. 

The Design Manual section of the VL1000 Design System 
gives the engineer the information needed to begin designing 
integrated circuitry. It assists engineering and development 
organizations in their attempt to incorporate application-specific 
LSI and VLSI chips into their products on a large scale. The 
Design Manual covers basic integrated circuit design concepts. 

Design Notes give helpful information on various design 
methods. 

VTC provides technica! support for design system users 
whenever necessary. 


DESIGN SYSTEM 


VL1000 LINEAR BIPOLAR 
CELL LIBRARY 
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VL1000 


LINEAR BIPOLAR CELL LIBRARY — 
ADVANCE INFORMATION 


CELL RELEASE 2.0 
(Planned for Q1 1986 Availability) 


°5-Bit Analog-to-Digital Converter 
°6-Bit Analog-to-Digital Converter 
¢7-Bit Analog-to-Digital Converter 
°8-Bit Analog-to-Digital Converter 
°10mA Voltage Regulator 

*60mA Voltage Regulator 

*592 Video Amp 

*4MHz Crystal Oscillator 
*Retriggerable One-Shot 
eAND/NAND, 2-2 

*AND/NAND, 3-3 

eAND/NAND, 2-2-2 

*AND/NAND, 3-3-3 

*Differential ECL10k Input Buffer 
*TTL Tristate Buffer 

*CML Tristate Driver 

*CML Level Shifter 

*D Flip-Flop with Self Test 

PNP Current Mirror 

eNPN Current Mirror 

*DAC Bias Generator 

*Differential CML Comparator with 10V Input Range 
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CELL RELEASE 3.0 
(Planned for Q3 1986 Availability) 


°9-Bit Digital -to-Analog Converter 

*10-Bit Digital-to-Analog Converter 

¢Transconductance Amplifier 

°555 Timer 

«Precision Voltage Reference, Laser Trimmable 

«Precision Operational Amplifier, Laser Trimmable 

°256 X N ROM 

eCounter/Adder, 4-Bit 

©1350 IF Amp 

°124 Op Amp 

*Precision Sample/Hold Amp 

*318 High Performance Op Amp 

*360 High Speed Comparator 

©1595 Multiplexer 

©1596 Modulator/Demodulator 

«Component Library to Include Laser Trimmable Resistors 
and True Dielectric Capacitors 
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LINEAR BIPOLAR CELL LIBRARY 


USER’S GUIDE 
VL1000 USER'S GUIDE CONTENTS 
Foreword and Customer Interface ...............ccccssesccccsscectenseceeneeceeeeeceaneeseasecceseeseeeeesseececeeesseeunecsecnseceeseaes 12-10 
Line ar Cell: SDCCIICALONS ices taupe saber wos vat tecutey otnaad ce acaeaees vee sa twecetaraen Saul oases ose ad baeneutae nee 12-11 
PREIANG Si 2sisoecicacacsenen suceasnicbaun ceokaei sep act seen esata tame he taken dan eacauanel ta need oeae cates deena Nein etacaeapiaciede 12-11 
OPA S aiaciastoceatainaa ta sora ert gies toa tessa Dace sat Got eis we se wot aca ameese Oe Sasa saute oe Nala ea ah ucecnanan Cie amend at see anes 12-15 
PV ON AGC: FREICLONCOS coca. sevctveateuasustanavaesiee sirouts pausuidenSeasen saa leeke baits wuasacue wee scha stu atadccienaaau ascends 12-20 
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FOREWORD 

VTC's VL1000 Linear Bipolar Cell Library uses 
versatile LSI design techniques. Although it is primarily 
intended for linear LSI applications, the VL1000 also 
allows digital and memory functions in the same circuit. 

The VL1000 User's Guide shown here in condensed 
form contains information necessary to complete a circuit 
design, assuming the designer understands use of the 
workstation. A detailed review of the User's Guide found 
in the VL1000 Design System is recommended before 
proceeding. | 

The Design System User's Guide consists of the 
following sections: 

Workstation Instructions — This section 
describes how to load the VL1000 Cell Library onto the 
Mentor Graphics™ workstation; how to create diagrams 
and schematics using the VL1000 cells and 
components; and how to execute simulations. 

Linear Cell Specifications — This section 
gives a summary, description and specification for each 
of the linear cells. 

Digital Cell Design Guidelines and 
Specifications — This section provides a digital cell 
summary, guidelines for designing with digital cells and 
specifications for each of the cells. 

Custom Cell Design — This has information for 
the designer to create special circuits, assuming the 
designer is familiar with basic circuit design techniques. 

Testing — This section describes how to specify 
circuit test requirements in order to ensure first-time 
circuit Success. 

Packaging — A description of the dimensions and 
thermal characteristics of packages available for the 


VL1000 can be found in the Design System. 


The VL1000 gives a new dimension to LSI linear 
cell design. Proper use of this User's Guide will help 
make the first pass a success. 
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CUSTOMER INTERFACE 

The interface between VTC and the customer for the 
VL1000 Linear Bipolar Cell Library involves several 
issues. 

Technical Support — General technical support is 
available at no charge to the customer. It can be 
arranged by calling a VTC representative. 

Ordering — After the customer has completed the 
VL1000 design, a purchase order is necessary to initiate 
layout and fabrication efforts at VTC. Each circuit is 
quoted individually and quotes can be requested at any 
time. VTC's quote, however, is only valid for the final 
design submitted for integration. 

Custom Cells — \f a custom cell is planned as pat of 
the design, it should be discussed with VTC as early in 
the design cycle as possible. This will enable VTC to 
allocate the necessary resources to do the cell layout 
prior to circuit integration. 

Packaging — \nformation concerning package 
requirements must be defined at the time the circuit 
purchase order is submitted. 

Testing — Testing requirements must bed at the time 
the circuit purchase order is initiated. Option 1 testing is 
included in every VL1000 contract. The Option 1 test 
requirement forms found in the Design System must be 
submitted with the purchase order. Option 2 testing 
requires submission of a test specification and test 
Circuits. 

Special Requirements — Any special circuit 
requirements should be discussed with VTC's product 
manager for the VL1000. 





LINEAR CELL SPECIFICATIONS 


DIGITAL-TO-ANALOG CONVERTERS 

Included in the VL1000 Cell Library are four Digital-to- 
Analog Converters (DAC) with 5, 6, 7 and 8 bit resolution. The 
difference between the four converters is in the cell layout 
area and number of input bits. The output of each DAC is an 
analog current. Both true and complement output currents 
are available, as well as two 1/2 LSB currents. The data (D) 
inputs to the cell are captured on the rising clock edge by 
latches internal to the circuit. The clock enable (CEB) 
enables or disables the input latches. (Refer to Figure 1 fora 
functional truth table.) 

All digital inputs to the cell are CML compatible. Because 
the DAC cells contain CML logic, VCSGEN and VBBGEN bias 
generators must be resident on the chip and present for any 
SPICE simulation. The power-supply voltages for the bias 
generators must match the power-supply voltages of the 
DACs. 

For accurate and consistent results, the |, IB, HLSB1 
and HLSB2 pins of the DACs must be held at a voltage greater 
than Voc. This ensures that the output of the DAC will not 
saturate. 

The DAC cells can be biased in the following two different 
configurations: 1) The DACs can be biased using the 
BANDGAP CURRENT SOURCE cell provided in the VL1000 
Cell Library. A connection diagram for this biasing method is 
shown in Figure 2. This cell is designed as a DAC bias circuit 
and provides a nominal full-scale output current of 1mA. 
Refer to the data sheet for this cell for further information; 

2) The DACs can be biased using an OPAMP in the negative 
feedback configuration as shown in Figure 3. The voltage 
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references should be set as shown in Figure 3. The value 
of the full-scale output current can be calculated using the 
equation leg = 2[Voc - Varf/R1. The negative feedback 
ensures that the voltage at the bottom of Ri will be equal to 
Vagg: All current going through R1 must go into the IDACREF 
pin due to the high input resistance of the OPAMP. 

If R1 is external to the chip and Vper is independent of 
temperature, then the temperature characteristics of the DAC 
output current will depend solely on the temperature 
characteristics of the external resistor. If R1 is internal to the 
chip and the output current of the DAC is forced across an 
internal resistor of the same type, a temperature independent 
output voltage will result. In either case, best results are 
obtained if Var tracks with Vpp because the voltage 
difference of Vpp - Var determines the output current of the 
DAC. The WIDLAR2 Bandgap voltage reference is ideal for 
supplying Vpar- because its output voltage tracks with Vpp. 


FIGURE 1: TRUTH TABLE 


ae Ca 
ee | ae 
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1 Data Latched 
No Data Change 


/ = Rising Edge 
X = Don’t Care 
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Figure 2: DAC Biasing with Bandgap Current Source 


Veo (SV) 


BANDGAP 
Veseen CURRENT 
SOURCE 


Veo 


Vee (OV) 
Veg (SV) 


VBBGEN 


Veo 


Veg (OV) 


Figure 3: DAC Biasing with Op Amp 
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n BIT DAC 


HLSB2 





n BIT DAC 





FIVE BIT DAC 


CELL AREA: 
471744 Sq. Microns 
732 Sq. Mils 


ELECTRICAL CHARACTERISTICS: 


(Unless otherwise specified, Voc = 5 V, Vee = OV, Tj = 25°C) 
(Reference Current Provided by Bandgap Current Source) 


CHARACTERISTIC | sym [MIN | TYP |MAX__[UNIT 

Relative Accuracy 

(Error relative to full scale |, = 1mA) E. 1/4 1/2 LSB 
| tes es ns 


Settling Time (within 1/2 LSB 
<includes t,).> Tj = 25°C) 
Propagation Delay Time 

(D Input 50% to Output Current 50%) 


Output Current (All Bits Low) 
(Full Scale) 


Output Voltage Compliance 
(E,< + 1/2LSB) 


Output Current Power Supply 
Sensitivity 


Positive Supply Current 
(1mA Full Scale Output) 


Power Supply Dissipation 





SIX BIT DAC 


CELL AREA: 
564480 Sq. Microns 
875 Sq. Mils 





ELECTRICAL CHARACTERISTICS: 


(Unless otherwise specified, Vog = 5 V, Vee = OV, Tj = 25°C) 
(Reference Current Provided by Bandgap Current Source) 


MIN 


Relative Accuracy 
(Error relative to full scale |, = 1mA) 


Settling Time (within 1/2 LSB 
<includes t,.> Tj = 25°C) 













Propagation Delay Time 
(D Input 50% to Output Current 50%) 7 


Output Current (All Bits Low) 
(Full peels) 







Positive Supply Current 
(1mA Full Scale Output) 


Power Supply Dissipation 
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S_BIT_DAC 


D4 

D3 

D2 

D1 

DO 

CLKB VCC 
CEB 
IDACREF 
VR2 

VR1 
VCSDAC 





SYMBOL: 
6_BIT_DAC 


D5 

D4 

D3 

D2 

D1 

DO 
cikB VCC 
CEB 
IDACREF 
VR2 
VR1 
VCSDAC 
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SEVEN BIT DAC 


CELL AREA: 
673344 Sq. Microns 
1044 Sq. Mils 
ELECTRICAL CHARACTERISTICS: 


(Unless otherwise specified, Veg = 5 V, Vee = OV, Tj = 25°C) 
(Reference Current Provided by Bandgap Current Source) 


Relative Accuracy 
(Error relative to fullscale |, = 1mA) | E, 





















(D Input 50% to Output Current 50% 
Output Current (All Bits Low) 


1/4 
Settling Time (within 1/2 LSB 
<includes t,.> Tj = 25°C) fe 35 
Propagation Delay Time 
an ee 7 12 nS 
fos for [ua 
(Full Scale) 05 | | 
Output Voltage Compliance Vo 1.3 
(E,< + 1/2LSB) Vo- 0.8 
Output Current Power Supply 
Sensitivity les 
28 


0.5 
foe! 





10 
Positive Supply Current 
(1mA Full Scale Output) 7.3 mA 
Power Supply Dissipation PP, 36.5 





EIGHT BIT DAC 


CELL AREA: 
790272 Sq. Microns 
1225 Sq. Mils 


ELECTRICAL CHARACTERISTICS: 


(Unless otherwise specified, V.~ = 5 V, Vee = OV, Tj = 25°C 
(Reference Current Provided by Bandgap Current Source) 


CHARACTERISTIC SYM | MIN 


Relative Accuracy 
(Error relative to full scale |, = 1mA) 


E, 
Settling Time (within 1/2 LSB 
<includes t,)>> Tj = 25°C) ty 
Propagation Delay Time 
(D Input 50% to Output Current 50%) | tp 
Output Current (All Bits Low) | lo 

(Full Scale) 0.5 
Output Voltage Compliance 
(E,< + 1/2LSB) 
Output Current Power Supply 
Sensitivity 
Positive Supply Current 
(1mA Full Scale Output 


Power Supply Dissipation 


Vo. 
Vo. 
los 
lec 
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SYMBOL: 
-7_BIT_DAC 


D6 

DS 

D4 

DS 

D2 

Di 

DO 

CLKB VCC 
CEB 
IDACREF 
VR2 

VR1 
VCSDAC 





SYMBOL: 
8_BIT_DAC 


















D7 


D6 HLSB2 
D5 


D4 HLSB1 
D3 

D2 

D1 

| DO VCC 
CLKB 

CEB 

IDACREF 

VR2 

VCSDAC 
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OPERATIONAL AMPLIFIERS 


The VL1000 Cell Library offers four 
basic versions of operational amplifiers. 
Each is designed to fill a specific 
application. The VL1000 operational 
. amplifiers have standard power supply 
options for 5, 10 or 12 volt operation. The 
Type A OPAMP is a general purpose 
amplifier similar to the 741. The Type B 
OPAMP is similar to the Type A amplifier 
with the addition of input bias current 
compensation for lower input current and 
higher input resistance. This feature 
results in a lower input voltage range and 
a larger cell area. The Type C OPAMP is a 
minimum size amplifier for use where 
minimum cell area is important and lower 
voltage gain is acceptable. The Type D 
OPAMP is a large cell designed to deliver 
25mA of load current. This is the only 
Opamp that is recommended for driving 
external loads. A summary of all the 
operational amplifiers is given in the 
accompanying table. All figures are typical 
values at Tj = 25°C. 

























CELL INPUT OUTPUT | MODE 


AREA RES. RES. GUR: OUTPUT 
ee (Ohms) < Ohms ~ (MA) CUR. 


Type A 700K —0.9V 1 500nA | 
Vee on 2.2V 


Type B 6000K Veg -2.3V]} 1 500A 
eee 


Type C 23 600K —0.9V S00nA 
Vee on 2. 2Vv 
Type D 444 25 700K —0.9V 25 mA 


QUIE. MAX. 














w 
oo 
a °) 
co. 
ne 
O> 
Ov 
= 








12-15 | 


5 
oF 
Ly 
a> 
saat 

n 





VL1000 USER'S GUIDE 


TYPE A OP AMP 


DESCRIPTION: 

The Type A OPAMP is a 741 
architecture, unconditionally stable 
operational amplifier. It offers high 
common mode rejection ratio, fast 
transient response and low power 
dissipation. The maximum output 
current for the cell is 0.5mA, making it 
well suited for driving internal loads. The 
cell can be powered from three different 
supply configurations: OPAMP A HI for 


LO for Vog - Veg = 5 volts. For all supply . 


configurations the performance 
specifications are constant except as 
noted. 


CELL AREA: 
173376 Sq. Microns 
269 Sq. Mils 


SYMBOL: 
OPAMP_A_HI 
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ELECTRICAL CHARACTERISTICS: 


(Unless otherwise specified, Vpp = 5V, Vee = 


Fro 200 Tr 
[200 [00 || 
att 


= 
Veo 1. 1] Voc - 0.9 
15 | 


Input Offset Voltage 
(Rs<10K Ohms) 


i ae a 


Input Bias Current 
Input Resistance 
Input Capacitance 


Input Common Mode 
Voltage Range 


Large Signal Voltage Gain 
(Vo = +4V, R,=8K Ohms) 


Output Resistance 


Common Mode Rejection Ratio 
(Rs<10K Ohms) 


Power Supply Rejection Ratio 
(Rs<10K Ohms) 


Output Voltage Swing 
(R,=10K Ohms) 


Transient Response Slew Rate 
(Unity Gain - Non-Inverting) 
(V,=10V, R,=10K Ohms, 
C_<100pF) 


Maximum Output Current 


Gain Bandwidth Product GBW 





“Power Consumption is a function of supply configuration. 


OPAMP_A_LO 





— 5V, Tj = 25°C) 


th 
ro) 
oO 


AAS 


= <|O |x 
“Ik 
< 


Same 
F 


V/mV 


300 | 
v--07| Veo - 0.4 
Vee +2.1| Vee +1.7 


Ohms 


1.5 m 


is 

an i 
aC 
En aS 
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TYPE B OP AMP 


DESCRIPTION: 

The Type B OPAMP is a 741 
architecture, unconditionally stable 
operational amplifier with input bias 
current compensation. It offers high 
common mode rejection ratio, fast 
transient response and high input 
impedance. The maximum output 
current for the cell is 0.5mA, making it 
well suited for driving internal loads. The 
cell can be powered from two different 
supply configurations: OPAMP B HI for 
Vop - Veg = 12 volts; and OPAMP B MED 
for Von - Veg = 10 volts. For all supply 
configurations the performance 


specifications are constant except as 
noted. 


CELL AREA: 
209664 Sq. Microns 
325 Sq. Mils 


SYMBOL: 
OPAMP_B_HI 
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ELECTRICAL CHARACTERISTICS: 
(Unless otherwise specified, Vpp = 5V, Vee = —5V, Tj = 25°C 


) 
CHARACTERISTIC TYP UNIT 
Input Offset Voltage Slee 4 
(Rs<10K Ohms) Vos 2 5 mV 
Input Offset Current ls | [525 | 


Input Bias Current a ee 
Input Resistance Ohms 


Input Capacitance 


Input Common Mode Voltage 
Range 


Large Signal Voltage Gain 
(Vo = +4V, R,=8K Ohms) 


Output Resistance 


Common Mode Rejection Ratio 
(Rs<10K Ohms) 


Supply Voltage Rejection Ratio 
(Rs<10K Ohms) 


Output Voltage Swing 
(R,_=10K Ohms) 


Transient Response Slew Rate 
(Unity Gain — Non-Inverting) 
(V,; = 10V, R, >10K Ohms, ©, <100pF) 


“Power Dissipation is a function of supply configuration. 
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TYPE C OP AMP 


DESCRIPTION: 

The Type C OPAMP is a 741 
architecture, unconditionally stable 
operational amplifier. It offers fast 
transient response, low power 
dissipation and small layout area. The 
maximum output current for the cell is 
0.5mA, making it well suited for driving 
internal loads. The cell can be powered 
from three different supply 
configurations: OPAMP C HI for 
Vop > Veg = 12 volts; OPAMP C MED for 


Vop - Veg = 10 volts; and OPAMP C LO 
for Voc- Veg = 5 volts. For all supply 


configurations the performance 
specifications are constant except as 
noted. 


CELL AREA: 
133056 Sq. Microns 
207 Sa. Mils 


SYMBOL: 
OPAMP_C_HI 


OPAMP_C_MED 
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ELECTRICAL CHARACTERISTICS: 
(Unless otherwise specified, Vpp = 5V, Vee = —5V, Tj = 25°C) 
CHARACTERISTIC MIN. | TYP. 


Input Offset Voltage 
(Rs<10K Ohms) 


Input Offset Current 
Input Bias Current 


Input Resistance 
Input Capacitance 


Input Common Mode Voltage Vom 
Range 


Large Signal Voltage Gain 
(Vo = +4V, R,=8K Ohms) 


Output Resistance 


Common Mode Rejection Ratio 
(Rs<10K Ohms) 


Supply Voltage Rejection Ratio 
(Rs=10K Ohms) 




















MAX. 


a 
oO 
© 


0 [na 





Voo— 1. 1 ear 
Vie t+ 2.4 | Viegt2.2 


ae 


p 

V 

V 
pV/ 
V 

V 
m 
m 
V/ 


Output Voltage Swing Vout ve os 
(R,=10K Ohms) vanes H vane 


| Supply Current tg tt. 
| Power Consumption” Po | 
a 
aes ees 






Qn 


+} —- 






A 
W 


Transient Response Slew Rate 
(Unity Gain — Non-inverting) 
(V;=10V, R,=10K Ohms, C,< 
100pF) 


Maximum Output Current ed 
Gain Bandwidth Product 










V 
WS 
500 [yA | 














TYPE D OP AMP 


DESCRIPTION: 

The Type D OPAMP is a 741 
architecture, unconditionally stable 
operational amplifier. If offers high 
common mode rejection ratio, fast 
transient response and high drive 
capability. The maximum output current 
for the cell is 25mA, making it ideal for 
driving external loads. The cell can be 
powered from three different supply 
configurations: OPAMP D HI for 
Vop- Veg = 12 volts; OPAMP D MED 


for Vop- Veg = 10 volts; and OPAMP 
D LO for Voc - Ver = 5 volts. For all 


supply configurations the performance 
specifications are constant except as 
noted. 


CELL AREA: 
286277 Sq. Microns 
444 Sq. Mils 


SYMBOL: 


OPAMP_D_HI 
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ELECTRICAL CHARACTERISTICS: 
(Unless otherwise specified, Vpp = 5V, Vee = —5V, Tj = 25°C 


) 
CHARACTERISTIC TYP. MAX. | UNIT 
Input Offset Voltage 
rs) mV 











(Rs<10K Ohms) 
Input Offset Current 
Input Bias Current 


AL 






Input Resistance 200 700 
Input Capacitance 


Input Common Mode Voltage 
Range 


Large Signal Voltage Gain 
(Vo = +4V, R,=8K Ohms) v 


Output Resistance 
Common Mode Rejection Ratio 


; die J 
” 
a 
¥ 
8 
io) 
Oo 


Voce — 1.1 Voc - 0.9 
Veet 2.4 | Vig +2.2 


< 
O 
= 


re 





= 
25 

4 

40 

3 


(Rs=10K Ohms) CMRR 

Supply Voltage Rejection Ratio 

(Rs<10K Ohms) PSRR 

Output Voltage Swing Vout | Vec— 0.8 | Voc 0.5 
(R,=10K Ohms) Veet 2.3 | Veet+2 






Output Short-Circuit Current 
Supply Current 
Power Consumption* 


Transient Response Slew Rate 
(Unity Gain — Non-Inverting) 
(V,=10V, R,=10K Ohms, C,< 
| 100pF) 


Gain Bandwidth Product 


° 


ep) 
we) 


: 25 
4s 
40 [50 





@) 
es) 
= 


“Power Dissipation is a function of supply configuration. 


OPAMP_D_LO 
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VOLTAGE REFERENCES 


DESCRIPTION: 

The VL1000 Cell Library offers four 
temperature-compensated, supply- 
independent voltage references. All four 
references use a bandgap technique to 
generate a compensated output voltage. 
The Brokaw Bandgap, Widlar Bandgap 
and PTAT Bandgap circuits generate 
output voltages that are referenced to the 
most negative supply of the cell. The 
output voltages of these ceils track with 
variations of the most negative supply. 
The Widlar 2 Bandgap generates an 
output voltage that is referenced to the 
most positive supply of the cell. 


CIRCUIT OPERATION: 

The Widlar Bandgap is a moderate size 
cell that can be powered from three supply 
configurations: Voc— Vee = 5, 10 or 12 
volts. 

The Brokaw Bandgap is a large cell that 
offers low power consumption and low 
output resistance. It also can be powered 
from three supply configurations: Voc — Vee 
= 5, 10 or 12 volts. The advantage of the 
Brokaw Bandgap is that its output voltage 
is adjustable by the user. The Brokaw 
Bandgap data sheet gives limitations in 
the output voltage adjustability. 

The PTAT Bandgap is a small cell that 
uses a PTAT current generator to create a 
bandgap output voltage. It can be 
powered from three supply configurations: 
Voc— Ver = 5, 10 or 12 volts. 

The Widlar 2 Bandgap offers the 
smallest cell size of all the reference cells. 
Its output voltage is referenced to the 
most positive supply voltage. 
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Output voltage, output resistance, and quiescent current figures shown in the following 
table are typical values with Tj = 25°C. 


CELL] OUTPUT | OUTPUT — | QUIESCENT 
BANDGAP | AREA| VOLTAGE | RESISTANCE | CURRENT | OUTPUT VOLTAGE 
TYPE |(miF)| (Vv) ore a REFERENCE ee 
WIDLAR | Negative 
BROKAW | 260 [Adjustable oe ee 
PTAT 
WIDLAR 2 









WIDLAR BANDGAP 


DESCRIPTION: 

The Widlar Bandgap cell is a 
temperature-compensated voltage 
reference. The circuit offers low output 
resistance, low power consumption and 
a moderate cell area. There are two 
versions of the Widlar Bandgap cell 
resident in the VL1000 Cell Library. The 
WIDLAR BANDGAP LO is used when the 
cell is powered from the Voc - Veg = 5 
volt supply configuration. The WIDLAR 
BANDGAP HI is used with the Vip - Ver 
= 10 volt or 12 volt supply configuration. 
For both versions, the performance 
specifications are constant. The output 
voltage of the circuit tracks with 
variations in the most negative supply of 
the cell. 


CELL AREA: 
133056 Sq. Microns 
207 Sq. Mils 


SYMBOL: 


WIDLAR_BG_HI 
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ELECTRICAL CHARACTERISTICS: 


(Unless otherwise specified, V.. = 5V, Tj = 25°C) 


Output Voltage (I, = OMA) (Referenced to 
Power Bus on Chip) Vo 1.22 | 1.24 |1.26 |V 


Output Voltage Temperature Coefficient 
(O°C<TS100°C) AV,/AT ppm/°C 


Maximum Output Voltage Change 
(O°CST<100°C) mV 


= Regulation 
(4.5V<V,.<5.5V, lo = OmA) 


Supply Current (Il, = OmA) 
Output Resistance 
Maximum Output Current 


WIDLAR_BG_LO 
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BROKAW BANDGAP 


DESCRIPTION: 

The Brokaw Bandgap is a 
temperature-compensated voltage 
reference with variable output. The cell 
offers low output resistance, low power 
consumption and good output voltage 
line regulation. The Brokaw Bandgap 
can be powered from three different 
supply configurations: Voy - Veg = 12 
volts; Vpp - Veg = 10 volts; 
and Vocg - Veg = 5 volts. The output 


voltage of the circuit tracks with 
variations in the most negative supply of 
the cell. 

To adjust the output voltage of the 
cell, the user must change the value of 
the VBG property located on the symbol 
for the cell. The default value for this 
property is 3.0. The value of this 
property will be the output voltage of the 
cell. For Vip - Veg = 12 volts or Vpp - 
Veg = 10 volts, the maximum output 
voltage for the cell is 5 volts and the 
minimum output voltage is1.6 volts. Any 
value between these two extremes is 
acceptable. For Voc - Ver = § volts, the 


maximum and minimum output voltages 
are 2.2 and 1.6 volts respectively. 


CELL AREA: 
181440 Sq. Microns 
282 Sq. Mils 


SYMBOL: 
BROKAW_BDGP_3.0 
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ELECTRICAL CHARACTERISTICS: 
*(Unless otherwise specified, Vo. = 10V, Tj = 25°C, Vour = 3V) 


Output Voltage (Il, = OmA) (Referenced to 
Power Bus on Chip) Vo 2.94 |3 3.06 |V 
Output Voltage Temperature Coefficient 
(0°C<TS<100°C) AV,/AT 32 =| 64 ppm/°C 
Maximum Output Voltage Change 
Voc 
V 


ee _ 
(9V<Voo<11V, lp = OMA) Nee 





















ae 
aa 
< < 


Line Regulation ~~ 

2 5 
. 
[OutputResistance ss SC*RS CS 
| Maximum Output Current. [ln 


*For all supply configurations the performance specifications are constant. 





PTAT BANDGAP 


DESCRIPTION: 

The PTAT Bandgap is a 
temperature-compensated voltage 
reference. The circuit generates a 
bandgap output voltage by using a PTAT 
current reference and offers a small cell 
size. The PTAT Bandgap can be 
powered from three different supply 
configurations: Vpn - Ver = 12 volts; 
Vop - Veg = 10 volts; and Vog - Veg = 5 
volts. For all supply configurations the 
performance specifications are 
constant. The output voltage of the 
circuit tracks with variations in the most 
negative supply of the cell. 


CELL AREA: 
100800 Sq. Microns 
152 Sq. Mils 


SYMBOL: 
PTAT_BANDGAP 
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ELECTRICAL CHARACTERISTICS: 
(Unless otherwise specified, Vpp = 10V, Tj = 25°C) 


CHARACTERISTIC UNIT 
Output Voltage (I, = OmA) (Referenced to Goi eel. | 
Power Bus on Chip) Vo 1.18 | 1.21 | 1.24 
oe Voltage Temperature Coefficient 

AV,/AT 32 =| 64 ppm/°C 


(0°C<T<100°C) 


Maximum Output Voltage Change a 
(0°C<T<100°C) 4 mV 

Line Regulation 

(9VSVeceS11V, Ip = OmA) Vaec 


Supply Current (Il, = OmA) le | 
Output Resistance ae 
Maximum Output Current fee - 





















=| [mya 

Poy, To 
3 
> 


12-23 


* 
20 
pa ©) 
Te) 
Qn 
OD 
Ov 
= 





5 
cr 
jj” 
2 
©) 
Ot 
op) 








VL1000 USER'S GUIDE 


WIDLAR 2 BANDGAP 


DESCRIPTION: 

The Widlar 2 Bandgap is a 
temperature-compensated voltage 
reference. The cell offers low power 
dissipation and a small layout area. The 
Widlar 2 Bandgap is designed to operate 
from a nominal supply configuration of 
Vop - Veg = 10 or 12 volts. The output 


voltage of the circuit tracks with 
variations in the most positive supply of 
the cell. 


CELL AREA: 
70560 Sq. Microns 
110 Sq. Mils 


SYMBOL: 
WIDLAR 2 
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ELECTRICAL CHARACTERISTICS: 
(Unless otherwise specified, Vyp5p= 10V, Tj = 25°C) 


CHARACTERISTIC UNIT 

Output Voltage (|, = OmA) (Referenced to - 

Power Bus on Chip) Vo 1.30 {1.33 {1.36 |V 

Output Voltage Temperature Coefficient 

(0°C<T<100°C) AV,/AT 32 164 |ppm’°c 
2 V 


Maximum Output Voltage Change 
(0°C<T<100°C) Voc 4. m 


Line Regulation 
(9VSVo¢eS11V, lop = OMA) 


Supply Current (lp = OmA) 
Output Resistance 
Maximum Output Current 





CURRENT REFERENCES 


The VL1000 Cell Library offers four different current 
reference cells: 1) The BANDGAP CURRENT SOURCE isa 
large, low-power cell intended as a DAC bias circuit. The cell 
can operate from nominal voltages Vpp - Veg = 10 or 12 volts; 
2) The EXTERNAL ZENER REFERENCE is a small cell that 
offers a user-adjustable temperature- and voltage- 
compensated output current. An external resistor sets the 
output current value. This circuit can operate from a nominal 
supply voltage of Vin - Ver = 12 volts; 3) The PTAT CURRENT 
REFERENCE is a small cell that generates a proportional-to- 
absolute-temperature output current. This type of cell can be 
useful when designing bandgap voltage references or 
temperature-stabilized differential amplifiers. This circuit can 
operate from nominal supply voltages of Vog - Veg = 5, 10 or 
12 volts; 4) The ZENER CURRENT REFERENCE is a small cell 
that generates a voltage and temperature-compensated 
output current. The cell can operate from nominal supply 
voltages of Vip - Veg = 10 or 12 volts. 


VL1000 USER'S GUIDE 


All of the current references, except the BANDGAP 
CURRENT SOURCE, rely on the designer to use a current 
mirroring technique to obtain the final output current. This 
technique allows the designer to set the nominal value of the 
output current, while at the same time utilizing the basic 
temperature and voltage characteristics of the cell. For 
consistent results the output transistor supplied by the 
designer should be the same type as the mirroring transistor 
in the cell. All current ratioing should be done using different 
size emitter resistors in the output stage. The output stage 
emitter resistor should be the same type and the same width 
as the emitter resistor in the mirroring stage. This insures 
that the proper temperature characteristics will be exhibited 
by the circuit and that consistent nominal output currents will 
result. 

On the following data sheets all values given assume the 
circuit is connected in a 1-to-1 mirror output configuration. 
The typical application diagram should be used to help the 
user pick the proper mirroring components for consistent 
results. 
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BANDGAP CURRENT SOURCE 


DESCRIPTION: 
The BANDGAP CURRENT SOURCE is ELECTRICAL CHARACTERISTICS: 


pita ian to = tee as a (Uniess otherwise specified, Vpp= 10V, Vec = OV, Tj = 25°C) 

de icen how see inecclinihic: 
For details on how to use the cell in this CHARACTERISTIC UNIT 
way, refer Bn the typical applications Output Current (VCSDAC = 1.05V) (Note 1) our {400 [500 [600 [pA | 
diagram. The cell can be operated from 
seminal slosh) vetadee of'VG. Ue Output Voltage (As Shown in Test Diagram) [Var [4.75 [5 [5.25 [Vv 
10 or 12 volts. For either case the ae eon Trgeiante Coefficient Re Sa a ey 
specifications quoted are the same. J=100 Alour/AT 250 [350 | ppm/°C 


The nominal value of the output current Maximum Output Current Change 


of the cell will vary directly with the base (0°C<Tj<100°C) Alour 8.5 wA 
sheet resistance. Because of this direct 
relationship, the output current of the cell Line Regulation (9V=Vco=11V) ee | [610 BA 





‘should be forced across a base type Supply Current cc | «(0.7 [0.9 [mA 


resistor. In this way a process independent 
output voltage will result. The base 
resistor that generates the output voltage 
should have a width of 11 microns. This FIGURE 1: TEST DIAGRAM 
insures good resistor matching between 
the output resistor and the resistor internal 


Note 1: Output current will vary directly with base sheet resistance. 


to the cell. | Vop 
CELL AREA: 

ae ose PossP 
SYMBOL: 


IDACREF 


BG_I_SOURCE 


VR2 


VR1 
IDACREF 
V 


VCSDAC 


5 
cr 
jf 
5> 
al 
—— 
pentT 
7) 


VCSDAC 
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TYPICAL APPLICATION: 


Vee (SV) Vig (12V) 


BANDGAP 
yeeeet CURRENT 
SOURCE 


IDACREF 


VCSDAC 
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7 BIT DAC 


Vee 


IDACREF 
VR2 
VR1 


VCSDAC HLSB2 


% CAN ALL BE INTERNAL OR 
EXTERNAL RESISTORS 
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EXTERNAL ZENER REFERENCE 


DESCRIPTION: 

The EXTERNAL ZENER REFERENCE 
is a small ceil that offers the ability to 
externally control the output current of 
the circuit. The cell operates from a 
nominal supply voltage of Vop - Veg = 12 


volts. The cell also offers a wide range in 
possible output current of 2.5mA to 6mA. 
As explained in the general description, a 
mirroring technique must be employed to 
generate the output current. A typical 
application is shown below. 


CELL AREA: 
68544 Sq. Microns 
107 Sq. Mils 


SYMBOL: 
EXT_ZN_REF 





12-28 








ELECTRICAL CHARACTERISTICS: 


(Unless otherwise specified, Vpp= 10V, Vee = OV, Tj = 25°C) 
(Circuit is Connected in a 1-to-1 Mirror Output) 


Output Current (R, = 1.32K Ohms) 
(Note 1) a 4.95 5.05 |mA 


po Be 
(ror = 2.5% Ret her 
ae eel 


Adjustable Reference Current Range 2.5 


Output Current Temperature Coefficient 

(0°CSTjs<100°C) Aloyr/AT ppm/°C 
Maximum Output Current Change 

(0°C<Tj<100°C) Alour 10 


Line Regulation (10.8V<V..<13.2V) =e 


Supply Current (R, = 1.32K Ohms) 
(Note 2) 10 13.3 


Note 1: When connected in a 1-to-1 mirror output, Ire = lour = 6.59/Rx. 
Note 2: When connected in a 1-to-1 mirror output, loc = [2(Iner) + 0.2]MA. 


TYPICAL APPLICATION: 


1.32K (1) 
(External Resistor) 
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PTAT CURRENT REFERENCE 


DESCRIPTION: 
The PTAT CURRENT REFERENCE isa ELECTRICAL CHARACTERISTICS: 


small cell that generates a proportional-to- (Unless otherwise specified, Voc = 5V, Ver = OV, Tj = 25°C) 
absolute-temperature output current. This | (Circuit is Connected in a 1-to-1 Mirror Output) 


type of current is useful when the user is | CHARACTERISTIC. 
designing bandgap voltage references, CTIABAR TERISTIC inh 
Output Current 
V 


temperature compensated differential 
Output Current Compliance 


amplifiers, or other temperature a ek = 














compensated circuits. The cell can 
operate from nominal supply voltages of 
Voc- Vee = 5, 10 or 12 volts. As explained 
in the general description, a mirroring 
technique must be employed to generate 
the output current. 

The nominal output current of the celt 
and mirror will vary directly with the base 
sheet resistance. When designing a 
temperature-compensated circuit with this 
cell, the designer should be sure that all 
critical resistors in the circuit are base 
resistors with a width of 9 microns. This 
will insure proper temperature 
characteristics and consistent 
performance from part to part. A typical 
application is shown below. The nominal 
output voltage Varr is a process 


= 
< 
8 
i 
P 


Proportionality Constant Temperature 
Coefficient (0°C<Tj=100°C) pm/°K 


Line Regulation (4.5V<V,,<5.5V) lnc 


Supply Current | 





. eeu ae IMPLANT 
independent circuit characteristic. 1518 
CELL AREA: IMPLANT 

70560 Sq. Microns 1518 

110 Sq. Mils 

SYMBOL: 


PTAT_CUR_GEN 
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ZENER CURRENT REFERENCE 


Tee EE CUBBENT REFERENCE ELECTRICAL CHARACTERISTICS: 
is a small cell that uses a zener diode to (Unless otherwise specified, Voc = 10V, Vec = OV, Tj = 25°C) 


oe ee a Scbgapa ss are (Circuit is Connected in a 1-to-1 Mirror Output) 

sparcia forva ee riinal aucaly veleaeter CHARACTERISE 

operate from a nominal supply voltage of CHARACTERISTIC UNIT 
Vpop- Veg = 10 or 12 volts. As explained Output Current 


in ie general prepaid awe Output Current Compliance ea a (ae 
technique must be employed to (Error < +2.5%) 
generate the output current. We vert 


The nominal output current of the Output Current Temperature Coefficient Alour/ 
mirror will vary directly with the implant (0°C<Tj=100°C) AT 150 225 | ppm/°C 


sheet resistance. When using this cell, Maximum Output Current Change 
all critical resistors external to the cell (0°C<Tj<100°C) 


and mirror should be implant resistors 
with a width of 7 microns. This will insure | Line Regulation (9V<V,,<11V) 

proper temperature characteristics and 
consistent performance from part to 
part. A typical application is shown 
below. The nominal output voltage Vo is TYPICAL APPLICATION 
a process independent circuit 
characteristic. 





CELL AREA: 

68544 Sq. Microns IMPLANT 
107 Sq. Mils WIDTH=7 
SYMBOL: 


ZN_CUR_REF 


S 
a 
LG, 
=> 
Po IMPLANT 
ar 

” 
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VOLTAGE COMPARATORS 


The VL1000 Cell Library offers two voltage comparator cells. 
First, the CML COMPAT COMPAR comparator cell provides fast 
propagation delays and CML output voltage levels. This cell 
requires that the VCS CML voltage reference level is available 
on the chip. Second, the COMPARATOR 339 comparator cell is 
a general purpose comparator which provides multiple power 
supply operation, a large input range and an open collector 
output. A summary of the electrical performance for these two 
comparators is given in the table below. All figures are typical 
values at Tj = 25°C. 






OUT- 
PUT 


CELL 

AREA |ICC 
TYPE (mi?) |\(mA) \(Ohms)|(nS) DRIVE 
CML 154 1 100K 10 5 {10 Veo —- 1.9 
Compat Gates {V,.+1.7 
Compar 
339 Com- |147 ; 0.5%; 50M; 800 {5,10 j2mA jV,.-—1.5 
parator or 12 Vir -0.2 


*Not including output stage current. 








CML COMPATIBLE COMPARATOR 


DESCRIPTION: 
The CML Compatible Comparator isa ELECTRICAL CHARACTERISTICS: 
(Unless otherwise specified, Voc = 5V, Veg = OV, Tj = 25°C) 


high speed comparator with 
complementary CML outputs. The output [“GAARACTERISTIC UNIT 
input Offset Voltage a re cee ee ee 


of the comparator is centered around the 
Input Offset Current 


VBB1 reference level, making it 
Input Bias Current fi | 2 


compatible with all CML gates. The cell 
Input Common Mode 
Voltage Range Vice | Vcc —-2.0 | Voe—1.9 V 
Veet 1.8 | Vee+1.7 V 


requires the VCS reference voltage from 
Voltage Gain 


the CML bias generator. The nominal 
A | 
Propagation Delay Time 
Vin = S00MV, Fou = 2 les 12 19 nS 







: 
nN 
on 
g 
ro) 
o 
> 
> 






supply configuration for the cell is 

Voc*Vee = 5 volts. The cell is designed to 
exhibit SmV of hysteresis on the inputs for 
cleaner switching and shorter output rise 
and fall times. 











CELL AREA: 
98784 Sq. Microns Loading Factor | Af nSiGate | 
154 Sq. Mils Output Rise Time Vy = 600 mV, 
lour = OMA (10-90%) 2 4 |ns 
SYMBOL: 










Maximum Output Fanout 
(High Power Gates) 


Supply Current 


CML_COMPAR 






POSSP 
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COMPARATOR 339 


DESCRIPTION: 
The 339 Comparator is alow-power, 1 ELECTRICAL CHARACTERISTICS: 


a sce ae ease Depending | (Unless otherwise specified, Voc = 5V, Vee = OV, Tj = 25°C) 

on the application, the omparator 

can operate from supply configurations of CHARACTERISTIC AUD 

VOD - VEE = 12 volts, 10 volts or 5 volts Input Offset Voltage A a Ee ee eee 
with constant performance specifications. | Input Offset Current = A 

with constant performance specications. F input Ofset Curent a ee Net a a 
range includes the most negative supply Input Bias Current °” fle | [25250 [nA 





of the cell, making the circuit useful in Input Common Mode 
applications where low-level input voltage Voltage Range Vice |Moc— 1-7 | Veg — 1.5 V 
sensing is necessary. The cell has an Vee—0.1 | Vee—0.2 V 
open collector output allowing the user to 
customize the output characteristics of Voltage Gain Ay [5 [20 | iv TF 
the circuit. Propagation Delay Time 
Viv = 600 BY, lour = OMA 800 1600 | nS 
CELL AREA: Output Rise Time V,, = 5V, 
94752 Sq. Microns R, = 5.1K Ohms, 10-90% ts 4 ns 
neters Input Resistance eC 
SYMBOL: Output Saturation Voltage 
Vin-21V, Vine = OV, loin 2mA Vor 320 450 | mV 
339 —COMPAR ake Leakage Current 
Vin. = OV, Vinw21V, Vo = 5V 0.1 A 
oT a a 
Supply Current loc ee eee 0.65 | mA 


NOTE 1: Due to the PNP transistor inputs, bias current will flow out of the inputs. This current is essentially 
constant, independent of the output state, therefore, no loading changes will exist on the input lines. 
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WIDEBAND AMPLIFIERS 


VIDEO AMP 733 


DESCRIPTION: 

The 733 Video Amplifier is a two-stage 
differential input, differential output, 
wideband video amplifier. The cell can be 
configured for gain values of 400, 100 or 
10. For all configurations the circuit 
requires no external frequency 
compensation. It offers low output 
impedance, low input referenced noise 
voltage and a wide bandwidth at all gain 
levels. The cell can be operated from 
supply configurations of Vp - Veg = 10 
volts or 12 volts. 


CELL AREA: 
189504 Sq. Microns 
294 Sq. Mils 


SYMBOL: 
AMP _733 








ELECTRICAL CHARACTERISTICS: 
(Unless otherwise specified, Vpp = 6V, Vee = —6V, T, = 25°C) 


Differential Voltage Gain 
(R;=50 Ohms, R, = 2K Ohms, 
Vo = 3Vpp) 

Gain 1 (Note 1) 
Gain 2 (Note 2) 
Gain 3 (Note 3) 


Bandwidth (R; = 50 Ohms, C,<1pF) 
(Driving on Chip Load) 

Gain 1 

Gain 2 

Gain 3 


Rise Time (R, = 50 Ohms, 
Vo 1Vpp) 

Gain 1 

Gain 2 

Gain 3 


Propagation Delay (R,; = 50 Ohms, 

Vo=1 Vpp) 
Gain 1 
Gain 2 

Gain 3 


Input Resistance 
Gain 1 
Gain 2 
Gain 3 


Input Capacitance 
Gain 1 
Gain 2 


; a 
12 pF 
10 pF 
Gain 3 BL pF 
input Offset Current _———iiia.~—=«| ~—~S=«di®S=«d SO «Ai 
Input Bias Current le | [40 | 820 


Input Noise Voltage 
(R, = 50 Ohms, BW = 1KHz to 























































































10MHz 
aan 1 nV/V Hz 
Gain 2 nV/V Hz 





Gain 3 nV/V Hz 


Input Voltage Range +1 aa 


Common-Mode Rejection Ratio 
Gain 2 (Vey = +1V, 
f < 100KHz) 
Gain 2 (Voy = +1V, 

f = 5MH 














Output Offset Voltage 
Gain 1 
Gain 2 and3 






NOTE 1: Pins GS1A and GS1B connected together. 
NOTE 2: Pins GS2A and GS2B connected together. 


t 
: 


NOTE 3: Gain Select pins open. 
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VL1000 DIGITAL CELL DESIGN 
GUIDELINES 


INTRODUCTION 

This section of the VL1000 User’s Guide explains the special 
considerations a designer must understand in order to 
successfully define a working digital circuit using the VL1000 
Linear Bipolar Cell Library. It is divided into four subsections 
that discuss the CML logic family, bias generators, power 
supply conventions and I/O buffers. (Refer to VTC Design 
Note-4, "Current Mode Logic,” for further information.) 


CML LOGIC FAMILY, GENERAL CONSIDERATIONS 

Current Mode Logic (CML) is the basis for all internal digital 
logic cells in the VL1000 Cell Library. CML logic provides a 
relatively high performance level, and convenient interface to 
the linear cells also supported in the library. 

A basic CML combinational logic schematic is shown in 
Figure 2-1. This schematic shows all of the principals needed 
for a user to understand and begin design with CML logic. 
There are three levels of “series gated” logic available in this 
implementation of CML. They are referred to respectively as 
levels A, B, and C, proceeding from levels with most positive to 
most negative voltages. These logic levels will uniformly switch 
to the “1” and “O” states above and below three successive 
reference levels named VBB1, VBB2 and VBB3. 

A convention established in this cell library is that all outputs 
of logic gates are on level “A’. If it is necessary to switch from 
one level to another, that function is performed automatically 
after the input of the following gate. In the example schematic 
Figure 2-1, a 2-input OR/NOR gate has an inverting, level A 
output at the collector of transistor Q13. This output feeds 
directly to the level A input of a 3-input AND/NAND at transistor 
Q1. The transistor is an emitter-follower lying within the AND/ 
NAND logic cell, and is driven by a current source, translating 
the signal down through diode D1 to level C logic for proper 
operation of the gate. The result is, for purposes of design 
simplicity, the interconnections between internal logic cells are 
always on level A, and the designer does not have to worry 
about incorrectly connecting two incompatible logic levels. If 
special cases arise (such as flip-flop clock inputs) where it is 
more efficient to fanout at the B or C level, those inputs are 
identified with one or two asterisks respectively in the cell 
symbols. 

It is only necessary to be concerned about logic levels when 
entering or leaving the chip through I/O buffers or when 
interfacing logic with linear circuitry (discussed in the linear cell 
data sheets). Again, a more extensive treatment of CML logic 
design is available for interested users in the VTC CML Logic 
Design Note. 


D.C. OPERATING CONDITIONS 
A feature of the VL1000 Cell Library is that the designer has 


the freedom to trade speed for power dissipation as required 


in the design. Three power levels are available for all logic 
gates, identified as high (H), medium (M) and low (L). The 
three power levels allow a designer to improve performance 
on critical paths, while conserving power on non-critical 
paths. 

From an operational standpoint, the user may change freely 
from one power level to the next with only one concern: The 
total equivalent DC fanout load for any output may not exceed 
10. Table 2-1 presents the equivalent DC fanout load that any 
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input at a specific power level represents to an output at each 
power level. For fanout greater than 10, a special cell (SIGBUF) 
is available. 


TABLE 2-1: D.C. FANOUT LOADING 


Power Level High Medium Low 
Medium 20 1.05 
plow Ci‘ AC 2.1.0 


“The value show in the table is the proportion of a unit load that an input pin 
represents to an output pin, each at specific power levels. 

*In no case may the total equivalent DC load of a given output exceed 10 unit 
loads. 







Table 2-2 shows the nominal current source value along with 
the typical power dissipation for each of the three power levels, 
for a two input ORNOR gate (CELL NAME = ORNOR2). This 
information is useful in comparing the tradeoffs between speed, 
power, and total current. The power dissipation is given for 
reference in the data sheets for every VL1000 standard ceil. 
Since all CML gates are powered from a differential supply 
voltage that is nominally 5V, total current for the digital section 
of the chip may be estimated by dividing the total power 
dissipation of a design by 5V. 


TABLE 2-2: D.C. CURRENT AND POWER 
DISSIPATION ORNOR2 CML GATE 


POWER LEVEL 
High 







Medium Low 


Table 2-3 shows the nominal design values for internal logic 
and logic reference voltage levels. The reference values 
represent voltages that are /% diode drop below V,, for the A 
level, 11% diode drops for the B level, and 21% diode drops for 
the C level. Note the actual values depend upon the voltage 
selected for the V., supply. 





TABLE 2-3: LOGIC AND REFERENCE LEVELS 
INTERNAL CML LOGIC 


(Conditions: V,, = +5.0 V, Vz = Gnd) 
TEMP = 25 DEG. C. 


Logic Level !/O Voltage Reference Voltage 















A HIGH (1) = 5.0 REF. = 4.8 
LOW (0) = 4.6 
HIGH (1) = 4.2 REF. = 4.0 
LOW (0) = 3.8 


C HIGH (1) = 3.4 REF = 3.2 
LOW (0) = 3.0 


Note: Internal Logic and Logic Reference Voltages are referenced from Vcc, and 
will remain so under all values of Vcc. 





Figure 2-1: CML Logic Schematic 
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A.C. OPERATING CONDITIONS 

The VL1000 cell library data sheets included in the User’s 
Guide detail the expected performance of each of the CML 
gates for power, chip area, function, and propagation delay. 
Propagation delay in CML logic is sensitive to many 
parameters. These include environmental conditions, such as 
power supply voltage and temperature; processing variations 
such as transistor beta, resistor value, doping concentrations, 
epitaxial thickness, and oxide thickness; and design variables 
such as fanout and metal capacitance of the interconnect. 
Detail simulations of the effects of the variables, as well as 
actual data under controlled conditions, have been factored into 
the propagation delay information in the data sheets to provide 
numbers that are indicative of the extremes that could result 
from the various combinations of the above mentioned factors. 

As it is impractical to specify a complete matrix of expected 
delay numbers for all of these factors, and inasmuch as many 
of the factors do not contribute significantly to variation in delay 
compared to others, a summarized table is shown for each of 
the digital functions, for delay paths of most critical interest. The 
user can be assured when using the digital logic simulator, 
minimum and maximum delay information accounts for the 
extreme combinations that could occur in actual practice. 

There are several degrees of freedom available to the more 
sophisticated user of logic simulators, and the VL1000 Cell 


2120 


VEE 
ANDNANDS 


Library digital cell delay files are designed to allow as much 
flexibility in critical path analysis as desired. Specifically, it 
provides the user with the ability to vary the following 
parameters: (a.) fanout, (b.) power, and (c.) to select one of 
three combinations of process and environmental extremes 
that are as follows: minimum delay, which occurs at low 
temperature, with low resistors, high voltage, and high beta; 
maximum delay, occuring at high temperature, with high 
resistors, low voltage, and low beta; and a nominal delay, that 
occurs with nominal or average values for the same 
parameters. 

The data presented in the data sheets show minimum, 
typical and maximum as listed above, with the additional 
conditions of: 

a. fanout of 2 unit AC loads. 

b. estimated average metal line-length equal to 50 mils of 

metal. 

The fanout factor shown in the digital data sheets is used to 
more accurately predict logic simulation results. During a logic 
simulation run, the actual delay is calculated by adding the 
delay due to fanout to the delay assuming zero fanout. The 
equation is shown below: 


Gate Delay (no load) + (# AC unit loads) + (fanout factor) = 
prop. delay 
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Most input pins represent an equivalent AC unit load of 1. If 
the AC load is different than 1, it is shown on that input pin on 
the Mentor symbol. 

The logic simulator automatically accounts for actual fanout 
before the logic simulation is run. The metal line length is fixed 
for the purposes of simulation, and there is currently no 
provision for simulation based on actual metal line length after 
layout is complete. For critical path analysis on a limited 
number of paths, provisions may be made with VTC for special 
delay analysis after routing. Since layout is under the control of 
VTC, special layout requirements can be accommodated in 
order to keep critical path nets as short as possible during 
layout. 


BIAS GENERATORS 

Required elements in CML logic design include the bias 
generator circuits that set the reference levels for the logic 
comparison, and control the current in the logic cells. There are 
two sections for the CML bias generator. The master bias 
generator (VCSGEN) provides the V,, reference that controls all 
currents on the digital section of the chip. This reference 
voltage is connected to all digital cells on the chip. The Slave 
bias generator (VBBGEN) provides three logic comparison 
reference levels for internal logic at the A, B, and C levels 
(referred to as VBB1, VBB2, and VBB3 respectively). A 
completed chip will have one VCSGEN and one or more 
VBBGEN. The number of VBBGEN cells required is a function 
of the number of logic cells used. Two versions of the VBBGEN 
cell are provided. The desired version is selected through the 
FOUT property on the VBBGEN cell. The options are HIF and 
LOF. The HIF version is the default. It can drive 40 high, 80 
medium, or 160 low power gates. The LOF version can drive 20 
high, 40 medium, or 80 low power gates. 

The correct number of VBBGEN cells must be placed in the 
schematic and connected to the power supplies. This is 
necessary for correct completion of layout, and for proper 
SPICE simulation. A single VCSGEN cell must also be properly 
placed in the schematic for the same reasons. 

There is one more bias generator, named BIASGEN10K. The 
purpose of this generator is to provide the proper reference 
levels for the ECL input and output buffers. This cell must be 
used with the BUFIN10K, BUFOUT10K, and POSNEGSHFT 
cells. 


POWER SUPPLY CONVENTIONS 

There are three power supply names available in the VL1000 
Cell Library: Vip, Vec and V.~. The conventions established for 
allowable values for these power supplies is discussed in the 
section titled Mentor Instructions, Power Supply Conventions. 

There are some special considerations in using the I/O 
buffers and gates, with regard to the power supplies. These 
considerations are demonstrated in Table 4.1. 
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TABLE 4.1: POWER SUPPLY SELECTION, AND LOGIC 
— /O BUFFER INTERFACING 


POWER SUPPLIES POSITIVE 
USED LOGIC LEVEL INTERFACING — |SUPPLY 


[50 | 00[-82]+60;00|+50,00)00; -52 Vat 
Twa [00/=52[ NA [00;-52)00;-52 Va 
Twa [750] 00[+50;00|+50,00|+50:00 Va 
TNA [+50] 00] +50;00[+60;00| NIA 
[-120[+60] 00[+50;00|+50;00|750:00 Na 


NOTE 1: This includes the associated bias generators. 
NOTE 2: In this case a POSNEGSHFT cell is used as a level shift between CML 
logic gates and the ECL output buffer (BUFOUT10K). 

















The critical task is to properly identify the conditions that 
determine whether the internal CML logic operates above or 
below ground. Coupled with this is the fact that the I/O buffers 
must operate between power supplies that allow them to be 
compatible with the internal logic. The important point to 
observe is, that the only time internal CML logic operates below 
ground is when all I/O interfacing is through ECL compatible 
buffers operating exclusively below ground. Note that the ECL 
I/O buffers will operate either above or below ground. The TTL 
I/O buffers will only operate above ground. 

The VPOS property value shown in Table 4.1 applies to CML 
cells and input or output buffer cells. The Mentor instructions 
in the Design System give more information on setting 
the VPOS property. Note that some cells like the BUFOUT10K, 
POSNEGSHFT, and BIASGEN10K do not have a VPOS 
property shown on the cell symbol since V,, is always the most 
positive power supply for these cells. These cells have a VPOS 
property that is set to Voc, but it is hidden and fixed. 

Note that proper interfacing from above-ground CML logic to 
below-ground ECL logic requires the POSNEGSHFT cell as a 
translator interface between the internal logic cells and the ECL 
output buffer. However, if the ECL output buffer is used above 
ground, the CML logic connects directly to the ECL output 
buffer. 


1/0 BUFFERS 

Interfacing the digital logic internal CML gates to the outside 
may be accomplished in several ways. Input and output buffers 
are available that are compatible with the ECL 10kH 
specifications, and a separate set of buffers are compatible 
with the LSTTL logic family. The selection of the buffer type is a 
customer option. 

There are special conditions that must be met in order to 
guarantee proper operation of these buffers. Some have 
already been mentioned in the preceeding section. Other 
conditions include: 

When using the high impedance state TTL output buffer 
(OB.BUFOUTTS), a special connection must be made to the 
high impedance control pin, labeled TSENABLEN. An open 
collector output buffer (OB_LBUFOUTOC) is used to drive that 
pin. The user must connect a CML logic level control signal to 
the input of the OBLBUFOUTOC cell in order to complete that 
functional control. The OBLBUFOUTOC cell can drive up to 
eight output buffer enable pins in parallel. 

Tables 5-1 and 5-2 include the DC electrical characteristics 
for both the TTL and ECL compatible input and output buffers. 
Please refer to these tables for details related to any of the 
respective cells shown in the data sheets. 
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Figure 2-2: ECL Transfer Curves 










APPLIED INPUT TEST VOLTAGES 





ee —_ 
VOH min iy oT | 0.960 4 
VYoHA min ep —0.980 oD 
eee cere O pd 
aoe 
> 
= 
3 

Vi —1.650 
VOL max eS A eer 2 > 2 
VOL min Pe | | CU dS 1.950 S ul 


VL min VW max 


TEST CONDITIONS: 25°C 
Vee = —5.2V + 5% MLA max MHA min 
EE _— ° a () 


50 Q MATCHED __ 
INPUTS AND OUTPUTS VBB 1.30V 





(Switching Threshold) 
TRANSFER CURVES (MECL 10KH) AND SPECIFICATION TEST POINTS 


TABLE 5-1: ECL10KH COMPATIBLE DC ELECTRICAL 
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TABLE 5-2: LSTTL COMPATIBLE DC ELECTRICAL CHARACTERISTICS 









Note 1 


SYMBOL | PARAMETER TEST CONDITIONS — Note 2 UNITS 
Vin Input HIGH Guaranteed Input HIGH 2.0 volts 
Voltage Voltage 
Input LOW Guaranteed Input LOW volts 
Voltage Voltage 
Input Clamp Veco = 4.75V: ly = —12.0MA 


Voltage 


volts 
= 










0.25 
0.35 


Output LOW = 4.75V 
Voltage 
Input HIGH = 5.25V Vy = 2.7V 
Current 

Vy = 5.25V 
Input LOW Voc = 5.25V; Vin = 0.4V 
Current 


Output Short Veco = 5.25V: Vn = OV Note3 
Circuit 
Current 
er Output Off-Z Veco = 5.25V3 Vour = 2.7V 
Current HIGH 
lit Output Off- Z Voc aad = 5.25V; Vour = 0.4V 
Current LOW 


ie Input HIGH Voc = Max; Vin = 2.7V 
Current 
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Tri-State Output 


Input HIGH Voc = Max; Vy = 5.5V 
Current 

Bidirectional 

Open Collector 

Output 


ie Input LOW Current 
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Open Collector 
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Current Open 
Collector Output 
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Note 1 Vcc = 4.75V to 5.25V; T, = O°C to 70°C unless otherwise noted. 
Note 2 Typical limits are at Vcc = 5.0V, Ta = 25°C. 
Note 3 Not more than one output shorted at one time, duration of test not to exceed one second. 
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DIGITAL CELLS 














TYPICAL PERFORMANCE, 5V, 25°C, 2 LOADS 
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CUSTOM CELL DESIGN 


1. INTRODUCTION 

The VL1000 Linear Bipolar Cell Library contains a set of 
predesigned and characterized standard analog and digital 
cells. When a designer begins to design a chip using these 
standard cells, he will often find that there are necessary 
functions for analog and digital circuitry not available in the 
standard set. Many times the standard functions are too slow 
(or fast), consume too much power or do not perform the 
required function. Thus, in most chip designs, there will be a 
few functions for which new circuitry will have to be 
constructed. This section of the User's Guide gives 
information on how to design customer-specific cells using 
the components available in the VL1000. 

When a suitable cell design has been created and checked 
by simulation, the user documents this with a circuit 
schematic created on a Mentor workstation and sends it to 
VTC incorporated. A layout of the cell is then made, and it is 
integrated into the overall chip circuitry. 

In addition to this information, VTC also provides a Design 
Manual which covers general practices and usage for bipolar 
linear design. 


2. GETTING STARTED 

The first step to design a user-specific cell is to find a trial 
circuit which performs the required function. Circuit diagrams 
are drawn similar to those used with discrete designs. No 
breadboard is built, but the circuit is simulated using a 
computer simulation program such as SPICE, which solves 
the equations for a mathematical model of the circuit. 

The trial circuit is simulated, and the simulation repeated as 
needed with “cut and try" variations until the user is satisfied 
with the design. 

To begin designing user-specific cells, the following items 
are needed (in addition to this User's Guide): 

* A copy of the Design Manual 

«A set of VTC Design Notes (helpful for some aspects of 
circuit design) 

« Access to an Apollo workstation running Mentor software 

* A textbook on analog-integrated circuit design such as 
Analysis and Design of Analog Integrated Circuits 

(2nd Ed.) by P. Gray and R. Meyer (J. Wiley & Sons, 1984), 

is also helpful. 


3. GENERAL DESIGN CONSIDERATIONS 

Power dissipation. There is nothing in the VL1000 software 
to prevent the designer from creating circuits with very high 
power dissipation. The available components can easily be 
used to create chips dissipating 10 or 20 Watts. Ordinary 
packages cannot dissipate this much heat. It is therefore 
important for the designer to keep track of the total power 
dissipation of the chip (including both standard and user- 
specific cells), and keep this in line with thermal properties 
of the intended package. As a rough guide, small ceramic 
DIPs (14 and 16 pins) can safely dissipate about .5 W. Larger 
DIPs, such as the 24 and 28 pin sizes, can dissipate up to 1 
W. The 40-pin ceramic DIP can dissipate up to 1.5 W. In 
other packages, the junction temperature should be kept 
below 125°C. 

The designer should carefully consider how much current to 
use in each subcircuit. Transistors should not be operated at 
their maximum Ic. Small currents may be large enough for 
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many parts of a circuit. A typical on-chip parasitic node 
capacitance is only about .SpF, and 100pA suffices to slew 
the voltage at the node at 200 mV/nsec. This is sufficient for 
many applications. 


4. LHD TRANSISTORS 


TABLE 4.1: NPN TRANSISTORS* 


MAX Io 
NAME | (mA) COMMENTS 


NPN TRANSISTORS: 


T3 0.5 Minimum-geometry NPN, used for the 
majority of the circuitry. 
TT =f 1.0 Larger NPN for more current. 


T6 

T6R A transistor with double base stripes 
and a 6x6 micron octagonal emitter. To 
be used where better Vbe matching is 
needed or emitter ratioing is used. 
Larger multi-emitter T6R transistors 
can be created using the area factor. 





























: I fo) 
o1 


mis | 40 
= 
T40 22.0 


An output driver for ECL circuits or 
other high-current outputs with six 
emitters. 


A large NPN with four 50x2 micron 
emitter stripes intended for use in low- 
noise amplifiers. Very low base 
resistance. 


This is a modular power device. By 
combining several sections, using the 

transistor area factor, NPNs up to 200- 
300 mA can be built (in multiples of 15 
mA). 


SCHOTTKY TRANSISTORS: 


= 
Tis [2 


T30S 10.0 Large Schottky transistor for TTL 
output drivers. Has double emitter and 
double collector stripes, and a guard- 
ring Schottky diode. 


Schottky modular power device. 


*Diode-connected versions of all NPN transistors are available. 







TLN1 10.0 












TPWR | >15.0 














0.5 
1.0 
0.5 

0 











TPWRS | >15.0 





TABLE 4.2: PNP TRANSISTORS 


MAX IC 
NAME | PER COLL. | COMMENTS 


TLP1 |.33mA General-purpose lateral PNP with a 
“large” emitter diameter. Has better 
Vbe matching than TLP2. Also 
available in double-collector and four- 
collector versions. 


TLP2 |.33mA General-purpose lateral PNP with a 
“small” emitter diameter. This is the 
“minimum” lateral PNP and is 
considerably smaller than TLP1. It 
has lower parasitic capacitances, but 
Vbe matching is not so good as for 
TLP1. A double-collector version is 
available. 


TVP1 |.10mA Standard substrate (vertical) PNP. 
The low allowed current is due to the 
inherent high collector resistance. 


5. BIPOLAR TRANSISTOR MODELING 

The SPICE models for the VL1000 bipolar transistors are in 
the Mentor data base (see “Mentor Instructions” section of the 
User’s Guide). The model used is the Gummel-Poon type. 
More data on transistor usage is given in parts II and II! of the 
Design Manual, and it is recommended the designer read this 
material before undertaking a design. Graphs of typical I-V 
characteristics for a minimum NPN at various temperatures are 
given in part Il of the VTC Design Manual. 
































5.1 Transistor Models 

The transistor models included in the Mentor data base are 
considered worst-case SLOW models. The performance will 
not be worse than predicted by SPICE with these models as 
long as parasitic capacitance is taken into account. These 
models are convenient, but not suitable for stability analyses 
(for example in feedback loops), where worst-case FAST 
models are needed. The worst-case FAST models are derived 
from the worst-case SLOW models by the following changes to 
the SPICE model parameters: 


TABLE 5.1: CHANGES TO FIND WORST-CASE FAST 
SPICE PARAMETERS 


SPICE PARAMETER(S) MULTIPLY BY 
CJE, CIC, RB 


TF (for NPNs) 
(for PNPs) 


The remaining SPICE parameters have little influence on the 
circuit speed and are left unchanged. 


5.2 Breakdown Voltages and Beta 

The junction breakdown voltages of the transistors are not 
part of the SPICE model. The designer must ensure the 
voltages occurring in the circuit do not exceed the breakdown 
voltages. A list follows: 
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TABLE 5.2: BREAKDOWN VOLTAGES AND BETA 


PBvebo (base-emt) —=~*~<~*éidr SB | |B 
PBvec0 (cotemt) ———~—Ss~=~i || 
ee 








Beta 


BVcbo (base-coll) 














BVceo (coll-emit) 13.2 a 
Beta (TLP1) 50 180 
atic = .05mA 







Beta (TLP1) 
at lc = .33 mA 





5.3 Maximum Collector Current 

Each transistor has a maximum collector current (See Tables 
4.1 and 4.2) at the approximate boundary between high-level 
and low-level injection. The device performance usually gets 
worse above this current. The SPICE models are also less 
accurate above the stated maximum collector current, and all of 
the data on modeling, matching, or temperature coefficient is of 
unknown accuracy above the maximum Ic. 


5.4 Temperature Dependences 

The temperature dependences of the transistor currents 
and voltages are contained in the SPICE model and need not 
be considered explicitly. The most significant transistor 
temperature dependence is the drop of V,,, (ON) by about 
1.8mV per degree. 


9.9 Transistor Matching 

Many circuits (such as differential amplifiers) require close 
matching between the properties of “paired” transistors. Table 
9.3 gives data on the matching properties of LHD-process 
transistors. This data is valid for transistors with identical 
geometries (i.e., the same Component name) which are 
located immediately adjacent to each other on the chip. The 
matching properties are expressed in terms of the standard 
deviation defined in the usual statistical sense, and are based 
on detailed measurements of LHD transistors. For those table 
entries where the unit is percent, the standard deviation is 
found by taking the percentage of the typical or nominal value. 


TABLE 5.3: TYPICAL TRANSISTOR MATCHING 
PROPERTIES 


PARAMETER 

Input offset -- T3 or T3S 
Input offset -- T6 NPN 
Inout offset -- T6R NPN 
Input offset -- T12 NPN 
Input offset -- TLN1 NPN 


Input offset -- T30S NPN 

Input offset -- TLP1 PNP 

Input offset -- TLP2 PNP 

Beta -- all NPNs and PNPs 
Collector current diff. for 2-coll 
lat. PNP (TLP1 
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The matching data given in Table 5.3 is typical of situations 
in which the temperature and stress gradients in the chip are 
negligible. Temperature gradients depend on chip layout and 
placement of circuit elements which dissipate large amounts 
of heat, and are thus influenced by the layout. Circuits 
requiring very tight matching of circuit elements should be 
called to the attention of VTC layout personnel so a suitable 
strategy can be followed. These factors are discussed in 
more detail in the Design Manual, part VII. 

Circuits which are sensitive to transistor mismatch should 
be simulated for worst-case transistor matching. Methods of 
performing this type of worst-case simulation are given in 
Section 10 of the VTC Design Manual. 


5.6 Frequency Response 

The frequency response is contained in the SPICE models. 
In general the NPN transistors have minimum unity-gain 
frequencies of about .8 GHz. The unity-gain frequencies of 
PNPs are about 100 MHz. SPICE simulations should give 
accurate worst-case SLOW predictions of frequency 
response for a given circuit, along with its dependence on 
temperature, supply voltage, etc. 


5.7 Parasitic Transistors and Diodes 

Standard bipolar proceses contain numerous parasitic 
elements which are described in part VII of the Design 
Manual. Transistor saturation is a forbidden practice for non- 
Schottky transistors. Operation of transistors in the inverted 
mode is also forbidden. The reasons for these rules are 
discussed in the VTC Design Manual. 


5.8 The PNP Transistor Model 

The lateral PNP transistor model requires an extra diode to 
accurately model the substrate capacitance (see Design 
Manual, part Ill). The extra diode is supplied automatically 
when the PNP symbol from the LHD_LIB Mentor Graphics 
library is used (see Mentor Graphics Instructions section of 
the User's Guide in the VL1000 Design System. 


5.9 Schottky Transistor Models 

Because of the extra elements in a Schottky transistor, its 
model must be more complicated (see Design Manual, 
Section 17). The necessary elements are provided 
automatically when VL1000 LHD_LIB components are used. 


6. INTEGRATED RESISTORS 

Integrated resistors differ from discrete resistors in several 
respects: a) They have an important parasitic capacitance to 
the silicon "body” in which they are embedded; b) They have 
a substantial temperature coefficient; c) They have a diode 
isolating them from the other regions of be biased to keep it 
OFF. Resistors are covered in greater detail in the Design 


Manual, part V. 
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6.1 Temperature Coefficients 

The LHD process has two resistor types, base and implant. 
These differ in doping level, and therefore in temperature 
coefficient. The base resistor has a much lower temperature 
coefficient, but is of very limited use for resistor values over 
1 kOhm. The implant type achieves higher values (to tens 
of kOhms), but at the. expense of a greater temperature 
dependence. The required temperature coefficients are 
built into the VL1000 component library, and the user only 
designates a resistor as B (for base) or | (for implant). 

The temperature coefficients are given here for reference. 
When using the Mentor software, the temperature coefficient 
is automatically put into the SPICE source file. 


TABLE 6.1: TEMPERATURE COEFFICIENTS FOR LHD 
RESISTORS 


RESISTOR TYPE LINEAR TC | QUADR. TC 
00000 [5.8E-6 


The Design Manual contains a graph of the temperature 
dependences of the base and implant resistor types. The 
base resistors pass through a minimum below room 
temperature, and begin to rise in value for lower 
temperature. 










6.2 Resistor Adjustment 

If it may be necessary to change a resistor value after 
evaluation of first-pass circuits, VTC should be notified when 
the schematic is sent, and a notation of the percentage 
adjustment required should be written on the schematic. 
Allowance can then be made for later resistor adjustment 
when performing the layout. This can mean the difference 
between a one-mask change and an all-layers redesign. 
Resistor adjustment is discussed in more detail in Section 40 
of the VTC Design Manual. 


6.3 Resistor Parasitic Capacitance 

The model used for an integrated resistor is shown in part V 
of the Design Manual. A diode representing half the 
capacitance Is loaded on each end of the resistor. The 
cathodes of the diodes are connected to the most positive 
supply voltage (see part V of the Design Manual). Correctly 
scaled parasitic capacitors are provided automatically when 
VL1000 LHD_LIB component symbols are used. 





6.4 Resistor Matching and Tolerances 

The ability to match resistors to close tolerances is one of 
the more favorable features of monolithic IC design. The 
absolute tolerances, however, are less favorable -- the 
absolute worst-case tolerance for resistor values at a given 
temperature is to be taken as +20% of the nominal value for 
both base and implant types. There is no correlation in the 
fluctuations of the base and implant resistors -- if the base 
resistor happens to be 12% low on a given lot the implant 
resistors may be 15% high. Therefore, do not ratio base 
resistors against implant resistors. Resistor tatioing rules are 
discussed in detail in Section 35 of the VTC Design Manual. 

The resistor matching parameters are given in Table 6.2 
The standard deviation would be observed if one measured 
the values of a large number of identically sized and 
identically oriented resistors placed in close proximity on a 
chip and fitted the resulting distribution to normal distribution. 
It is defined as a percentage of resistor nominal value. The 
resistor ratio standard deviations will be somewhat worse 
because the percentage standard deviation of a ratio is larger 
than those of the parameters entering the ratio. 


TABLE 6.2: TYPICAL RESISTOR MATCHING 


RESISTOR WIDTH STD. DEV. (%) 
(MICRONS) 


BASE — IMPLT 
rn Ane 









er ao 
09 | 09 


15 or more 
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Like the transistors, the resistors are affected by 
temperature gradients (through the temperature coefficient) 
and stress effects (see Sections 56 and 57 of the Design 
Manual), and are not taken into account in Table 6.2 since 
they depend on the final circuit layout. 

Resistors of completely arbitrary value may not be used in 
the LHD process because the length and width increments 
are limited to multiples of .5 microns. To assist in the design 
of resistors, tables of resistor value versus length and width 
are supplied. 


6.5 Choosing the Resistor Length and Width 

The procedure for choosing a resistor follows: 1) Choose a 
resistor width. This is done according to the degree of 
matching and precision required. In general, wider resistors 
have better matching and better absolute value control; 2) 
Choose resistor length to get the required value; 3) If tight 
matching or ratioing is required, resistor segments with 
identical width and nearly identical length should be used. 
Parallel or series combinations of resistors can then be used 
to achieve the desired ratio. Resistor ratio rules are 
discussed in Section 35 of the Design Manual. The longer 
resistors are listed on coarser increments, and it is legitimate 
to interpolate on .5 micron intervals if necessary. 

The designer is requested to stay on the charts. If 
resistors too low or too high for the charts are needed, the 
can be made using series and parallel combinations of those 
which are on the chart. Such series/parallel combinations 
also allow the resistor value to be set to finer increments. 

It is strongly recommended that the designer read the 
material in part V of the Design Manual before beginning a 
design with integrated resistors. 
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TABLE 6.3: NARROW IMPLANT RESISTOR VALUES 
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10916.6 
11125.0 
11333.3 
11541.6 
11750.0 


11958.3 
12166.6 
12375.0 
12583.3 
12791.6 


13000.0 
13208.3 
13416.6 
13625.0 
13833.3 


14041.6 
14250.0 
14458.3 
14666.6 
14875.0 


15083.3 

































9911.7 
10058.8 
10205.8 
10352.9 
10500.0 


10647.0 






















WOLSNOSIWAS 
Y¥V10dIg 


15291.6 10794.1 
15500.0 10941.1 
15708.3 11088.2 


15916.6 
16125.0 


11235.2 
11382.3 















16333.3 11529.4 
16750.0 11823.5 
17166.6 12117.6 





17583.3 
18000.0 


12411.7 
12705.8 














18416.6 13000.0 
18833.3 13294. 1 
19250.0 13588.2 
19666.6 13882.3 





20083.3 14176.4 10954.5 8925.9 7531.2 6513.5 5738.0 
100 20500.0 14470.5 11181.8 9111.1 7687.5 6648.6 5857.1 
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TABLE 6.4: WIDE IMPLANT RESISTOR VALUES 
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WIDTH 


op) 

oO 
~ VU 
2Te) 
Hn 
> 
Ov 
= 





99 4919.4 4467.8 4092.4 3775.1 3503.5 3268.4 3062.8 
100 4969.6 4513.7 4134.4 3813.9 3539.5 3302.0 3094.3 
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TABLE 6.5: BASE RESISTOR VALUES 


5 
cr 
2 

= 
1°) 
Ot 

Yn) 





12-48 








VL1000 USER'S GUIDE 


WIDTH 


LENGTH 
17 17 


2) 

oO 
=~ U 
20 
no 
Y> 
Ov 
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98 1492.5 1149.4 934.5 787.4 680.2 598.8 534.7 
100 1522.3 1172.4 953.2 803.1 693.8 610.7 945.4 
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7. DIODES AND JUNCTION CAPACITORS 
This subject is covered in more detail in part IV of the 
VTC Design Manual. 


7.1 Schottky Diodes 

The VL1000 allows the user to create a variety of Schottky 
diode types and sizes. Schottky diodes are extensively 
discussed in Sections 26 and 27 of the Design Manual. 
Schottky diodes cannot carry arbitrarily large currents -- the 
upper limit is 10 LA per square micron of Schottky area. 

The LHD_LIB component set has several standard 
Schottky diode geometries as described in the Mentor 
Instructions of the Design System. The maximum 
current for the overlap Schottky diodes SD1 and SD3 is 
1.0mA and 3.0mA. The minimum breakdown voltage for an 
overlap Schottky diode is 8V. The maximum current for the 
guardring Schottky diodes SDGR1 and SDGR2 is 0.15 mA 
and 0.3mA. The minimum breakdown voltage for guardring 
Schottky diodes is 25V. Nonstandard Schottky diode 
geometries can be created if needed. The various 
dimensions needed to specify a nonstandard Schottky diode 
can be found in the accompanying Schottky diode tables 
(Tables 7.1 and 7.2). 


7.2 Junction Capacitors 

The LHD process does not provide true dielectric 
capacitors. However, in many cases it is possible to use 
(nonlinear) junction capacitors for such purposes as 
stabilizing (compensating) and feedback loops. The 
procedures for using junction capacitors in the LHD_LIB 
component set are described in the Mentor Graphics 
instructions in the Design System. The designer should 
remember that the capacitance value specified is the value at 
zero bias voltage and with any substantial reverse bias the 
capacitance will be lower. The breakdown voltages and 
junction capacitance for the TYPE A capacitor is 25 volts and 
3.2E-4 pF per square micron. The breakdown voltage and 
junction capacitance for the TYPE C capacitor is 5 volts and 
1.2E-3 pF per square micron. 


7.3 Zener Diodes 

A Zener diode is created by operating a diode-connected 
NPN transistor with the EB junction in reverse avalanche 
breakdown. This results in a constant voltage of about 6V, 
and is used in DC reference voltage sources and also in level 
shifters. The "Zener voltage” is the same as the NPN 
transistor parameter BVebo, and its values and limits can be 
found inTable 5.2. 

The SPICE models are in the LHD_LIB Mentor data base 
and the needed components are created automatically when 
the symbol is used. The details of Zener diodes are 
discussed further in Sections 32 and 33 of VTC's Design 
Manual. 


TABLE 7.1: OVERLAP SCHOTTKY DIODES 


The maximum current listed here is an absolute upper limit. 
In practical designs, the forward drop may limit currents to 
lower values. 


This device has an N+ anode contact of width CW. 
“Length” is parallel to current flow (PERP to contact 
STRIPE). W and L are the dimensions of the Schottky 
opening. CW is the width of the cathode contact STRIPE. 
Use Linear Interpolation for unlisted sizes. 


12 10 








TABLE 7.2: GUARD-RING SCHOTTKY DIODES 


The maximum current listed here is an absolute upper limit. 


In practical designs the forward drop may limit currents to 
lower values. 


This device has an N+ anode contact of width CW. 
“Length” is parallel to current flow (PERP to contact 
STRIPE). W and L are the dimensions of the P contact 
opening. CW is the width of the Cathode contact STRIPE. 
Use Linear Interpolation for unlisted sizes. 
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7.3.1 Zener Matching 

In some cases (for example differential level shifters) the 
matching of Zener voltages between transistors may be 
important. It is found that the standard deviation of the 
difference in Zener voltages for two identical Zener-connected 
NPNs (with identical currents) is about 5mV, provided the 
following current levels are maintained: 


TABLE 7.1: CURRENT LIMITS FOR MATCHED ZENER 
DIODES 


ZENER TYPE 
D12 





8. PROPERTIES OF THE INTERCONNECTIONS 

The resistance and capacitance of interconnections (the 
“lines” in the schematic) are usually neglected in discrete- 
component designs. In integrated design this is not always 
possible — the interconnections are less than ideal. Typical 
data on interconnection capacitances are given in part VI of the 
Design Manual. 

A unique feature of integrated design is the presence of 
electromigration — a wear-out mechanism for the 
interconnections. In order to prevent failure from this the 
currents in interconnection lines must be limited. Detailed 
information is given in part VI of the Design Manual. To avoid 
reliability problems from this, any interconnection line carrying 
more than 4mA should be called to the attention of VTC when 
the schematic is transferred. 
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9. WORST-CASE SPICE SIMULATIONS 

Usually the initial SPICE simulations are done under 

nominal” conditions — nominal supply voltages, room 

temperature, etc. This is a good way to proceed to get the 
circuits defined and show that the desired circuit functions are 
realized. However, there are significant variations in the 
“environment” seen by the chip — the supply voltage, 
temperature, etc. These variations are sufficiently serious that 
“nominal” designs often fail to work correctly at the limits of 
supply voltage and temperature. A set of simulation conditions 
which should be used to verify satisfactory operation over a 
variety of conditions is outlined below. 


9.1 Temperature 

The SPICE models contain the temperature dependence of 
the transistor currents and voltages, and give a realistic 
account of temperature variation. Some significant temperature 
effects are: a) The transistor Vbe drops at about 1.7-1.9 mV/ 
deg C; b) The resistors increase in value as temperature rises; 
Cc) Beta increases with temperature. 

The temperature in the SPICE simulation is the junction 
temperature — the actual temperature of the chip. To find this 
temperature it is necessary to know the package type for the 
chip, the thermal conductance of the package for the type of 
cooling used, and the chip power dissipation. For most 
commercial applications assumption of 0° and 125°C for worst- 
case temperature extremes is reasonable. 


9.2 Supply Voltage 

Ordinarily the supply voltages are specified as + 10%. Thus 
a 5V chip should be simulated at 4.5 and 5.5V. If there are two 
supply voltages, 5 and 12V, all four combinations should be 
simulated: (4.5, 13.2), (4.5, 10.8), (5.5, 13.2), (5.5, 10.8). 

Difficulties are usually seen at worst-case low voltage and 
low temperature. Here Vbe is high, the supply voltage is low, 
and beta is low. A common source of difficulty is inadequate 
collector-base bias for some transistors, resulting in saturation 
and erroneous operation. 


9.3 Beta 

Beta is hard to control accurately in manufacturing, and often 
affects important chip parameters. Thus, simulations should be 
done for the worst-case beta limits given in this User’s Guide 
and proper operation verified for the entire range of beta. 
Worst-case models for low and high beta are provided in the 
Mentor data base. 
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9.4 Resistor Values 

As noted above, the resistors are of two types, base and 
implant, and vary independently. The tolerances are given in 
Section 5 of the Custom Dell Design section of this User's 
Guide. If, for example, the tolerances are +20%, there are 
four cases to cover: 


All base resistors made 1.2x their nominal values 
All implant resistors made 1.2x their nominal values 


All base resistors made 0.8x their nominal values 
All implant resistors made 1.2x their nominal values 


All base resistors made 1.2x their nominal values 
All implant resistors made 0.8x their nominal values 


All base resistors made 0.8x their nominal values 
All implant resistors made 0.8x their nominal values 


The resistor tolerance can be chosen at the time of circuit 
expansion (see Mentor instructions). 


9.5 Component Matching 

Some circuits are very sensitive to transistor and resistor 
matching and should be simulated for worst-case (or statistical) 
matching as described in sections 4, 5, and 6. 





TESTING FOR THE VL1000 


Two options are available for testing the VL1000. 


OPTION 1 

The customer specifies an elementary DC functional test 
program by completing the forms on the following pages. 
Although this test method is not thorough enough for a full 
production test, it is sufficient for prototypes and preproduction 
samples. When the parts have been checked and 
characterized by the customer, a complete production test can 
then be defined using option 2. 

Option 1 testing is included in the basic VL1000 development 
costs. 


OPTION 2 
Additional testing is available when the customer requires a 

full production test. In Option 2, the customer submits a well 

defined specification for the VL1000 circuit including the 
following information: 

@ A brief functional description of the circuit 

@ A schematic or block diagram of the circuit 

@ A package pin assignment diagram of the circuit 

e DC and functional requirements with any associated test 
diagrams. DC and functional requirements may be specified 
over commercial temperature and power supply voltage 
range. 

e AC test requirements with any associated test diagrams. AC 
requirements can only be specified at 25°C and normal power 
supply voltage. 

e@ Package requirements 

@ If appropriate, a burn-in connection diagram with specified 
time and temperature 
VTC’s semicustom applications engineers are available for 

assistance. 

Option 2 testing is not included in the basic VL1000 
development cost, but is quoted for individual circuit test 
specifications. Typical costs are available on request. Burn-in 
testing also requires a separate quotation. 
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OPTION 1 TESTING METHOD 

Packaged sample parts are tested on VTC’s ATE. Option 1 
testing is a simple DC functional and parametric test (force and 
measure voltages and currents). Devices of more than 40 pins 
require special test hardware and a special quote. VL1000 
users must provide the following information: 

Load Schematic: Using the schematic shown in Figure 
1, draw connections for loads (shorts, diodes, resistors 
and/or capacitors) between any of the DUT pins as required. 
(Note that a 40-pin DUT is shown in the drawing. Edit pinouts 
for devices of less than 40 pins or prepare a special 
schematic for devices of more than 40 pins.) The diodes are 
1N914s. The resistors are1%, 1/4W, metal-film resistors of 
values from 10.0 ohms to 1 megaohm. All available resistor 
values are listed in Table 1. The capacitors are 10%, 
>50VDC, radial leaded monolithic ceramic capacitors of 
values from 10pF to 2.2uF. All available capacitor values are 
listed in Table 2. Other values or types of diodes, resistors 
and capacitors may be used if supplied by the VL1000 user. 

Test Step Specification: Fill out the test specification sheet 
(Figure 2) for every test desired. Several pins may be 
measured in a single test step. Any pin may be simultaneously 
forced and measured in the same test step. Voltages of 
+1.00mV to + 100V and currents of + 5nA to + 256mA may be 
forced and/or measured. 
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TABLE 1: READILY AVAILABLE LOAD RESISTOR VALUES (IN OHMS) 


249 







| 24g 

182 ee 

432 604 634 
2430 


2100 2430 


er 
[200 P1210 


402K 453K 475K 499K 511K 604K 750K 1.00M 


1 








TABLE 2: READILY AVAILABLE CAPACITOR VALUES 


10pF 
22mF 
.47mF 1.0mF 2.2mF 
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Figure 1: DUT Schematic: 
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DESIGNER'S CHECKLIST 


This check list is provided for the designer to identify all items: 


to complete before the design is finished. 


DESIGN 

C1 DC performance characteristics checked by simulation. 

1) Critical AC performance characteristics checked by 
simulation. 

C1 Breakdown voltage limits not exceeded. 

(] Worst-case simulation performed over temperature, power 
supply voltage, beta, and resistance variations. DC, AC, and 
proper circuit bias characteristics maintained over all 
conditions. Transistor saturation avoided under all conditions. 

C) Critical circuits simulated for resistor and/or transistor 
mismatch. 

CJ Circuits with multiple supply voltages analyzed for possible 
power sequencing problems. 

C] Maxirnum chip power dissipation within acceptable limits for 
package used. 


INFORMATION RETURNED TO VTC 

[] Complete circuit schematic. 

1 Table of resistor number versus type, length, and width for 
user-designed cells. 

C1] The schematic should note any currents greater than 4 mA. 

[J The designer should supply information on which elements 
(if any) require close matching. 

C1 The designer should supply information on which (if any) 
resistors may need adjustment during a second pass and 
what range of adjustment may be required. 

[J] Package type and pinout. 

CJ Electrical Specification. 

C1 The designer should supply information in which (if any) 
digital timing paths have critical timing requirements. 
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FEATURES 
*Ultra High Gate Speed: 
-High Power Option, 1 Load = 440pSec 
-Low Power Option, 1 Load = 800pSec 
eLow Power: 
-1000 Gates, 40-Pin Circuit = 1.0 Watt Typical* 
-4000 Gates, 84-Pin Circuit = 3.0 Watt Typical" 
*High-Density 2.0 Micron Process 
Digital Clock Rates to 500MHz 
Cell Library of Digital Functions 
Two Speed/Power Options for Most Cells 
*ECL10KH or TTL Input/Output Available 
«Commercial or Military Temperature Range With Full 
Voltage Compensated ECL10KH Compatibility 
*Mainframe, Workstation or PC-Based 
eSuitable for +5, -5 or -5.2 Volt Supplies 
eAvailable in Industry-Standard Packages 


“Based on one-third of the cells using the high power option 
and two-thirds of the cells using the low power option; 
input/outputs evenly split. 


APPLICATIONS 

eHigh-Speed Computers 

«Communications 

eLocal Area Networks 

eInstrumentation 

Digital Signal Processing 

“LSI Replacement for ECL Logic 

«LSI Replacement for High-Speed TTL Logic 


DESCRIPTION 

The VL2000 High Performance Bipolar Digital Cell 
Library provides the ultra high-speed logic functions at 
comparatively low power levels. The VL2000 library 
contains a wide selection of digital functions, memory 
cells and either ECL10KH or TTL inputs or outputs. The 
1/O cells can be mixed on any given design. 

Most logic cells have two speed/power levels, allowing 
speed to be traded for power dissipation as required in 
the design. Critical paths can use fast, high-power cells, 
while the more numerous noncritical paths can use slow, 
low-power cells. 

The VL2000 has design options that are mainframe, 
workstation or personal computer-based, and it provides 
the systems designer a simple, straightforward means to 
integrate either new or existing designs. 


VL2000 


HIGH-PERFORMANCE 
BIPOLAR DIGITAL CELL LIBRARY 


DESIGNING WITH THE VL2000 
The VL2000 Design System includes: 
*VL2000 Data Sheet 
*VL2000 User's Guide 
*VL2000 Database 
Using a workstation, the designer can enter and 
simulate a custom design with the library's predesigned 
cells. 


The methods used in the VL2000 result in an efficient, 


quick-turn, error-free design. 

When circuit simulation is complete, a diskette or tape 
is sent to VTC for circuit layout and fabrication. Layout 
time is minimal because only the cells need to be 
interconnected. 

Samples are fully tested to user-supplied 
specifications. 


13-1 


¢ 9) 
oo 
an © | 
20 
ne 
OD 
On 
= 





5 
ran 
Ly 
a> 
On 
7) 








VL2000 





DIGITAL CELLS: 

NES ements: akuenene satan” mens 
NAME AREA i 
SIMPLE GATES 
2 Input OF (a0 


3 Input OR 

4 Input OR 

2 Inout OR-NOR 

3 Input OR-NOR 

4 Input OR-NOR 

3 Input AND 

2 Input AND-NAND 
2-2 OR-AND-Invert 
3-3 OR-AND-Invert 
2 Input EX-OR-NOR 


FLIP-FLOPS 


| Data Latch w/Reset 675 2.25 28.03 0.750 28.03 
Set Reset Latch, 

Overriding Reset 650 2:20 25.58 1400 0.750 25.58 
Data Latch, Multiplexed 

Data Inputs 615 2.25 36.92 1440 0.750 36.92 


Data Flip-Flop w/Multiplexed 
a76 50.26 | 1900 5026 


Data Input 

Data Flip-Flop With Reset 
880 11.25 93.42 1880 93.42 
880 125 93.42 1880 93.42 


Toggle Flip-Flop, 

Asynchronous Reset 
475 | 3.90 ee 
i500 | 19.24 a748 | — | — 








INPUT/OUTPUT BUFFERS 
10KH Input Buffer 
Differential Input Receiver 
Inverting 1OKH Output Buffer 


Non-Inverting 10KH 
Output Buffer 


Differential Output Driver 


Inverting and Non-Inverting 
TTL Input Buffer 


Inverting Bistate TTL 
Output Buffer 4150 10.00 97.62 


JK Flip-Flop, 
1500 19.24 37.48 


Asynchronous Reset 
1100 19.24 33.78 


Non-Inverting Bistate TTL 
Output Buffer 


Inverting Tristate TTL 
Output Buffer 
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DIGITAL CELLS (cont'd): 
TYPICAL PERFORMANCE (5v, T,= 25°C, Fanout of 1) 
HIGH LOW 
NAME AREA (mit!) P,mW 
Non-!Inverting Tristate TTL 
Output Buffer 4450 10.00 103.87 
Tristate Output Buffer 
Enable Gate 3000 10.30 68.71 
Inverting Open Collector TTL 
Output Buffer 9400 10.00 94.85 
Non-Inverting Open Collector 
TTL Output Buffer 9400 10.00 94.85 
MSI AND LSI FUNCTIONS 
Decoder 1 of 8 IN DEVELOPMENT 
MUX 2 Input (A) 475 24.47 0.750 24.47 


MUX 2 Input (B) 450 24.47 0.750 24.47 
MUX 4 Input 575 49.38 1375 0.750 49.38 


Shift Register, 4 Bit IN DEVELOPMENT 
Counter, 4 Bit IN DEVELOPMENT 
Comparator, 4 Bit IN DEVELOPMENT 
Carry Look Ahead, 4 Bit IN DEVELOPMENT 
Parity Generator Checker, 9 Bit IN DEVELOPMENT 
Full Adder, 2 Bit 1130 
Priority Interrupt Encoder IN DEVELOPMENT 
| 2901, 4 Bit ALU IN DEVELOPMENT 
RAM, 16 x 4 Dual Port IN DEVELOPMENT 


SPECIAL PURPOSE 

Level Shift Down L 110 
Level Shift Down M 
Level Shift Down H 40 


Clock Driver 

Signal Buffer IN DEVELOPMENT 
IN DEVELOPMENT 

IN DEVELOPMENT 


28.08 250.53 
11.70 47.42 
22.21 





AREA (mil?) 





31.14 
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Shifter, Positive to Negative 
Shifter, Negative to Positive 
BIAS GENERATORS 
Master Bias 





Internal Bias 


TTL Reference 


—_h 
re 
oo 








VL2001 


EVALUATION CHIP 

FOR THE VL2000 
HIGH-PERFORMANCE 

BIPOLAR DIGITAL CELL LIBRARY 


FEATURES CONNECTION DIAGRAM 
*High Speed D Flip-Flop, Frag = 500 MHz Typ. 
«Low Power D Flip-Flop, lee = 320uA Max. 
*High Speed DATA LATCH, Propagation Delays = 
700ps Typ. 
*Low Power DATA LATCH, Ie = 195p1A, Max. 
*Each Cell is ECL 10KH Buffered and Includes a Reset 
Pin 
DESCRIPTION 
The VL2001 Evaluation Chip is an integrated sample 
of four digital cells from the VL2000 High Performance 
Bipolar Digital Cell Library. The chip contains examples 
of four digital functions. All inputs and outputs to the 
cells are pinned out to allow the user to evaluate each 
part independently. 


High Speed D Flip-Flop: 

This circuit offers a high toggle frequency flip-flop that 
triggers on the high-to-low transition of the clock pulse. 
Low Power D Flip-Flop: 

This circuit contains a low power version of the high 

speed D flip-flop. 
High Speed Data Latch: 

This circuit contains a high speed data latch complete 
with reset. 

Low Power Data Latch: 

This circuit offers the option of av DATA LATCH 
low power. 





5 
ac 
Lo; 
© 5) H = HIGH Voltage Level Steady State 
o= L = LOW Voltage Level Steady State 
7 


= Not a HIGH-to-LOW Clock Transition 





= Dont Care 
= HIGH-to-LOW Clock Transition 


NOTE: Truth table information pertains to logic state present at 
the package pin. Refer to circuit diagrams for details. 
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D FLIP-FLOP SPECIFICATIONS 


PARAMETER yiGH | Low 
Test |_In_| Out_| SPEED | POWER | UNITS 


fee | | |9.26Max]7.46Max] mA 


C 3320 4420 
C 2980 3970 
R 3030 3600 


TSET 1000 Min| 2500 Min 
THOLD 0 0 
R Pulse Width Low] 600 1200 
C Pulse Width High} 1000 2000 


Fmd | 28045 


NOTE: All specified delay times take into account the 
additional delays introduced by the ECL10KH input/output 
buffers and voltage level shifters. 





HIGH SPEED D-FLIP-FLOP CIRCUIT 
DFFABCH 


OUT10KH 


D5 >a 


WOLSNDSINAS 
Y¥V10dIg 


DFFABCL 


OUT10KH 
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DATA LATCH SPECIFICATIONS 


PARAMETER yiGH = |LOW 


Presi [| On |sPeep | POWER 
fee | [onan 











HOLD 


Pulse WidthLow]| 600 1200 
; Pulse Width High} 900 2000 


NOTE: All specified delay times take into account the 
additional delays introduced by the ECL10KH input/output 
buffers and voltage level shifters. 


HIGH SPEED DATA LATCH CIRCUIT 


LATABCH 


OQUT10KH 


DS 2 >a 


5 
cr 
jf 

=) 
(o) 
Ot 

T 


LATABCL 


OUT10KH 
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FEATURES 

*-Data Sheet 

“User's Guide 

«Design Manual 

«Design Notes 

*Evaluation Chip Data Sheet (Chip Available on 
Request) 

«Database Software 

¢Technical Support 


APPLICATIONS 

*High Speed Computers 

«Communications 

eLocal Area Networks 

«Instrumentation 

*Digital Signal Processing 

«LSI Replacement for ECL Logic 

«LSI Replacement for High Speed TTL Logic 


DESCRIPTION 

The information and procedures given in the 
VL2000 High Performance Bipolar Digital Cell Library 
System result in efficient, quick-turn, error-free designs. 

The designer can implement complex digital LS! 
designs on a single integrated circuit using the cell library 
provided with the VL2000 Design System. 

The VL2000 User's Guide contains instructions for 
loading the cell library on the user's workstation or 
personal computer. The database software includes the 
cell library with all specifications needed to begin 
designing. The Users Guide describes how to create 
diagrams using the VL2000 cells and how to execute 
simulations. A summary description and specification for 
each cell is given, along with digital cell design guidelines 
and specifications. The use of predesigned cells makes 
custom designing easy. 

A set of Design Notes which give helpful information 
on various design methods are a part of the design 
system. 

Testing requirements and packaging characteristics 
are also described. 

The VL2000 Design System gives the engineer the 
information needed to begin designing integrated 
Circuitry. It assists engineering and development 
organizations in their attempt to incorporate application- 
specific LSI and VLSI chips into their products. 

VTC offers technical support for design system 
users whenever necessary. 


DESIGN SYSTEM 


VL2000 HIGH-PERFORMANCE 
BIPOLAR DIGITAL CELL LIBRARY 
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HIGH-PERFORMANCE 
BIPOLAR DIGITAL CELL LIBRARY 
ADVANCE INFORMATION 


CELL RELEASE 2.0 
(Planned for Q1 1986 Availability) 


*Decoder, 1 of 8 

*Shift Register, 4-Bit 
*Counter, 4-Bit 
«Comparator, 5-Bit 

eCarry Look Ahead, 4-Bit 
«Parity Generator Checker, 9-Bit 
Priority Interrupt Encoder 
°2901, 4-Bit ALU 

*RAM, 16x4 Dual Port 
Shifter, Positive to Negative 
«Shifter, Negative to Positive 
*T TL Tristate Buffers 

eT TL Open Collector Buffers 
*TTL Bistate Buffers 


CELL RELEASE 3.0 
(Planned for Q3 1986 Availability) 


*6-Bit Digital-to-Analog Converter 
*8-Bit Digital-to-Analog Converter 
*6-Bit Analog-to-Digital Converter 
*8-Bit Analog-to-Digital Converter 
°710 Comparator 
*CML-Compatible Comparator 
*Voltage Reference 
*RS-422/423 Line Driver 
*RS-422/423 Line Receiver 
*Backplane Transceiver 

*8288 Bus Controller 

*733 Video Amp 

eDAC Bandgap Current Sources 
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HIGH-PERFORMANCE 
BIPOLAR DIGITAL CELL LIBRARY 
USER’S GUIDE 
VL2000 USER'S GUIDE CONTENTS 
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VL2000 USER'S GUIDE 


FOREWORD 

VTC's VL2000 High Performance Bipolar Digital Cell 
Library uses versatile LSI design techniques, and allows 
digital and memory functions in the same circuit. 

The VL2000 User's Guide contains information 
necessary to complete a circuit design. A detailed review 
of the User's Guide is recommended before proceeding. 

The User's Guide consists of the following 
information: 

Digital Cell Design Guidelines and 
Specifications — This section gives a digital cell 
summary, guidelines for designing with digital cells and 
specifications for each of the cells. 

Testing — This section describes how to specify 
circuit test requirements in order to ensure first time 
circuit Success. 

Customer Interface — Here the designer is given 
information on ordering, schedules, responsibilities and 
the assistance available from VTC. 

Packaging — The VL2000 Design System 
packaging section describes the dimensions and thermal 
characteristics of the packages available for the VL2000. 

The VL2000 gives a new outlook to LSI cell design. 
Proper use of the User's Guide will help make the first 
pass a SUCCESS. 
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CUSTOMER INTERFACE 

The Interface between VTC and the customer for the 
VL2000 High Performance Digital Bipolar Cell Library 
involves several issues. 

Technical Support — General technical support 
is available at no cost and can be arranged by calling a 
VTC representative. 

Ordering — After the customer has completed the 
VL2000 design, a purchase order is necessary to initiate 
layout and fabrication efforts at VTC. Each circuit is 
quoted individually and quotes can be requested at any 
time. VTC's quote, however, is only valid for the final 
design submitted for integration. 

Custom Cells — |f a custom cell is required as part 
of the design, it should be discussed with VTC as early in 
the design cycle as possible. This will enable VTC to 
allocate the necessary resources to do the cell layout 
prior to circuit integration. 

Packaging — \Information concerning package 
requirements must be defined at the time the circuit 
purchase order is submitted. 

Testing — Test requirements must be defined at 
the time the circuit purchase order is initiated. 

Special Requirements — Any special circuit 
requirements should be discussed with VTC's product 
manager for the VL2000. 





DIGITAL CELL DESIGN 
GUIDELINES 


1.0 Introduction 

This section of the VL2000 User's Guide explains 
the special considerations that a designer must 
understand in order to successfully define a working 
digital circuit using the VL2000 Digital Cell Library. This 
section is divided into four subsections that discuss the 
CML logic family, bias generators, power supply 
conventions, and I/O buffers. (Refer to the VTC CML 
Design Note-4 for further information.) 


2.0 CML Logic Family, General 
Considerations 

Current Mode Logic (CML) is the basis for all internal 
digital logic cells in the VL2000 Digital Cell Library. CML 
logic provides the highest performance level available in 
silicon today, and at the same time provides a speed- 
power product and improved packing density. 

A basic CML combinational logic schematic is 
shown in Figure 2.1. This schematic shows all of the 
basic principles needed for a user to understand and 
begin design with CML logic. There are three levels of 
"series gated" logic available in the implementation of 
CML. They are referred to respectively as levels A, B, 
and C, proceeding from levels with most positive to 
most negative voltages. These logic levels will 
uniformly switch to the "1" and "0" states above and 
below three successive reference levels named VA, 
VB, and VC. 

A convention established in this cell library is that all 
outputs of logic gates are on level "A". If it is necessary 
to switch from one level to another, it is performed 
through a level shifter cell that provides logic translation 
to the B and C levels while simultaneously providing a 
high fanout drive capability. In the example schematic 
(Figure 2.1), a 2-inpbut OR/NOR gate (ON2BH) has an 
inverting, level A output at the collector of transistor 
Q13. This output feeds directly to the level A input of a 
level shifter cell (LVD1M), where the C-level output 
then feeds to a 3-input AND (A3ABCH) at transistor Q7. 
This allows the designer freedom to maximize 
performance by staying at the A level on critical paths, 
while going to the mutiple logic levels of series gated 
logic for gate utilization efficiency and fanout drive 
improvements where necessary. The designer need 
never worry about whether two incompatible logic levels 
are incorrectly connected, because the logic design 
simulation package checks before simulation run time to 
see that gate interconnections are logic level 
compatible. 

It is only necessary to be concerned about logic 
levels when entering or leaving the chip through I/O 
buffers. Again, a more extensive treatment of CML 
design is available for interested users in the VTC CML 
Design Note-4. 
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2.1 D.C. Operating Conditions 

One of the features of the VL2000 Digital Cell 
Library is that the designer has the freedom to trade 
speed for power dissipation as required in the design. 
Two power levels are available for all logic gates, 
identified as high (H) and low (L). The fastest gates are 
the highest power, which allows a designer to improve 
performance on critical paths while conserving power 
on non-critical paths. 

From an operational standpoint, the user may 
change freely from one power level to the next with only 
one concern: The total equivalent D.C. fanout 
load for any output may not exceed the value 
given in the cell specifications. 

In general, D.C. fanout is defined through the unit 
load. One unit load in the VL2000 Cell Library is 
represented by the worst-case base current of a high 
power cell input pin. Generally, high power gate outputs 
may drive five unit loads, and low power gates may drive 
two. Also, generally, input pins on high power gates 
represent one unit load, and input pins on low power 
gates represent 0.333 unit load. Significantly higher 
fanout (up to 16) may be obtained through the use of 
the level shifters with very small performance loss. The 
VL2000 logic simulation package is designed to 
perform checks to ensure that basic D. C. fanout 
guidelines are not violated in the schematics. Fora 
variety of reasons, not all cells have identical loading 
conditions, and the designer should be familiar with the 
load specifications of the cells used in a design. 
Information on each logic symbol is listed in the cell 
specifications. 

Table 2.1 shows the nominal current source value 
along with the typical power dissipation for each of the 
two power levels, for a two input ORNOR gate (CELL 
NAME = ON2BH, ON2BL). This information is useful for 
comparing the tradeoffs between speed, power, and 
total current. The cell power is given for reference in 
the data sheets for every VL2000 standard cell. Since 
all CML gates are powered from a differential supply that 
is nominally either +5.0 or -5.2 volts, total current for a 
chip may be estimated by adding all cell power and then 
dividing the total by the nominal supply voltage. Table 
2.2 shows the nominal design values for internal logic 
and logic reference voltage levels. In general the 
reference values represent voltages that are 1/4 diode 
drop below V,, for the A level, 1 1/4 diode drops for 


the B level, and 2 1/4 diode drops for the C level. Note 
that the actual values depend upon the voltage 
selected for the Veg supply. 
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Figure 2.1: CML Combinational Logic Schematic 
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Table 2.1: DC Current and Power 
Dissipation for 2 Input OR/NOR CML Gate 


PARAMETER HIGH SPEED | LOWPOWER 
POWER DISS. 









Table 2.2: Logic and Reference Levels for 
Internal CML Logic 









Conditions: V Go = +5.0 V, Veg = Gnd, Temperature = 25°C 


pe | azov | azsv | serv 


Note: Internal logic and reference levels are referenced from 
Voc, and will remain so under all values of V qc. 





2.2 A.C. Operating conditions 

The VL2000 cell library data sheets included with 
this user's guide detail the expected performance of 
each of the CML gates for power, chip area, function 
and propagation delay. Propagation delay in CML logic 
is Sensitive to many parameters. These include 
enviromental conditions, such as power supply voltage 
and temperature; processing variations such as 
transistor beta, resistor value, doping concentrations, 
epitaxial thickness, and oxide thickness; and design 
variables such as fanout and metal capacitance of the 
interconnect. Detailed circuit simulations of the effects 
of these variables, as well as actual data under 
controlled conditions are factored into the propagation 
delay information in the data sheets. It gives numbers 
that indicate the extremes that could result from the 
various combinations of the above mentioned factors. 

Because it is impractical to specify a complete matrix 
of expected delay numbers with respect to all of these 
factors, and inasmuch as many of the factors do not 
contribute significantly to variation in delay compared to 
others, a summarized table is shown for each of the 
digital functions, for delay paths of most critical interest. 

The VL2000 Cell Library logic simulator provides 
designers with the capability to run nominal simulations 
with typical delay parameters. (Typical delay occurs with 
nominal or average values for temperature, resistors, 
voltage, and beta.) The logic simulator has the ability to 
account for delay variation due to fanout and metal 
Capacitance. The data sheets show typical delays 
which assume typical conditions of: 
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a. Fanout of 1 unit A.C. load 

b. NO capacitive load (for metal interconnect) 
c. 25° C ambient 

d. Nominal supply voltage 


During a logic simulation run, the actual delay is 
calculated by starting with the typical delay for no 
fanout, and adding the loaded delay due to fanout and 
capacitance. 

The factors that affect delay are given by: 


Marginal Rise Time (M pis): the additional 
delay per fanout unit load obseved on the rising 
edge (tp,_y) of the output pin (units of 

psec/pF arad). 


Marginal Fall Time (M,,,,): the additional delay 
per fanout unit load observed on the falling 
edge (tp,,,) of the output pin (units of 
psec/pFarad). 


A 0.15 pFarad capacitance is placed on each 
input pin to account for delay increase due to 
fanout. Metal capacitance due to physical layout 
may be fed in after routing for analysis of critical 
paths. Information to allow the designer to calculate 
worst case slow delays for critical paths over 
temperature and process variations is provided in 
the form of derating factors as follows: 


Maximum delay occurs at high temperature, 
with high resistors, low voltage, and low beta. 
Once the typical loaded delay is obtained from 
the simulator, the designer may apply a 
multiplicative derating factor (K,) due to process 
variations. K, = 1.4 for worst case slow delays. 


To calculate the delay over temperature, the 
following derating factors must be used: K, is 


the parameter, and its values for each 
temperature condition are: 0.72 at -55 °C; 1.0 
at 25°C; 1.25 at 125 °C. 


The equations, then, for calculating actual 
delays are: 


teLH = ((typical delay) + (Maise® 0.15) °(# of 
unit loads - 1)) °K, °K; 


tou. = ((typical delay) + (Mea; , °0.15)9(# of 
unit loads - 1)) * K,*K, 
Note that typical delay assumes a fanout of one and 
the above equation accounts for this by subtracting 
one unit load in the calculation. Also, since Mace and 


Meat are specified in units of psec/pF, the factor 0.15 
accounts for the fact that one unit load is given as 0.15 


Asan example calculation, refer to Figure (2.2). This 
simple logic schematic shows a critical path through 
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that the OR gate (O2AH) drives 2 unit loads, the AND 
gate (ASABCH) drives one unit load, and the LATCH 
cell (LATABCH) drives one unit load. Using the typical 
delays from the cell specifications, along with the Mais 
and Mea, information, the calculations for actual worst 
case delay for worst case processing at -55 ° C and 
125°C are presented below. The method used is to 
first add all delays for typical conditions, then apply the 
proper derating factors for process and temperature: 


toy. (typ) = 420 + (780 * 0.15» (2-1)) + 
830 + 675 = 2042 psec 


tory (WC, -55 ° C) = 2042+ (1.4) 
(0.72) = 2058 psec 


tory, (WC, 125 ° C) = 2042 + (1.4)- 
(1.25) = 3778 psec 


Figure 2.2: Critical Delay Path Circuit Example 


A38ABCH 


LATABCH 





3.0 Bias Generators 

Required elements in CML logic design include the 
bias generator circuits that set the reference levels for 
the logic comparison, and control the current in the 
logic cells. There are three bias generators used in the 
VL2000 Cell Library. The main bias generator (VCS) 
provides the V., reference that controls all cell 


currents on the chip. It also provides the ECL10KH 
compatible reference voltage (VBB) for all ECL input 
buffers. The internal bias generator (IBIAS) provides 
three logic comparison reference levels for internal 
logic at the A, B, and C levels (referred to as VA, VB, 
and VC respectively). The third bias generator (TBIAS) 
is reserved exclusively for translating TTL logic levels 
to CML at the TTL input buffer. A completed chip will 
have at least one VCS and one or more IBIAS and 
TBIAS cells. The number of cells required is a function 
of the number of logic cells used. The correct number 
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of bias generator cells must be placed in the schematic 
and connected to the power supplies. This is 
necessary for correct completion of layout. Refer to 
appropriate workstation instructions for 
implementation. For very large chips, it is possible that 
more than one VCS cell would be required. The unit 
load fanout capabilities for each of these cells is given 
in the cell specifications. The fanout capability refers to 
the number of cells that may be driven from that bias 
generator. Refer to these requirements in determining 
the number of bias generator cells that a particular 
design will require. 

The unit load fanin for the voltage references on 
each cell determines the total loading for each bias 
generator. Reference fanin for the majority of cells is 
1.0 for high speed cells and 0.333 for low power cells. 
Refer to Table 3.1 for cells that are exceptions. 






Table 3.1: Reference Voltage Fanin Loading 


Note: All high speed cells have reference fanin loading = 1.0 
and all low power cells have reference fanin loading = 0.333 
except as listed below. 












[_wxXFFABCL. | oes SSCS 
| DFFABCL sos] OG Ci‘ 
| DFFABCH | Oi“ t—‘(‘(‘(‘(‘(‘C;C*isr 
| OUTIOKH—— ie] COCUD— C(‘(‘ttststsisiszr 
| OUTIOKHN, sos | r—“‘CSOSCS*s*s*s*:*:*:*:~:C~:CSCSC~i*dzr 
[pirrouT | e293 SSS 
[—iviM_|_10. SS 


*Applies to all references unless otherwise noted 
(VA, VB, VC, VCS, VBB, VTTL) 


4.0 Power Supply Convention 

There are three power supply names available in 
the VL2000 Cell Library: VDD, VCC, and VEE. The 
conventions established for allowable values for these 
power supplies is discussed in the section titled 
Workstation Instructions, Power Supply Conventions. 

There are some special considerations in using the 
I/O buffers and gates, with regard to the power 
supplies. These considerations are demonstrated in 
Table 4.1. 

The critical task is to properly identify the conditions 
that determine whether the internal CML logic 
operates above or below ground. Coupled with this is 
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the fact that the I/O buffers must operate between drive up to 8 output buffer enable pins in 

power supplies that allow them to be compatiable with parallel. 

the internal logic. The important point is that the CML 

gates always operate between the two most negative Tables 5.1 and 5.2 include the DC electrical 

power supplies. Note that the ECL I/O buffers will characteristics for both the TTL and ECL compatible 

operate either above or below ground. The TTL I/O input and output buffers. Refer to these tables for 

buffers will only operate above ground. details related to any of the respective cells shown in 
Note that proper interfacing from above-ground TTL the data sheets. 


logic to below-ground CML logic requires the 
POSNEGSHFT cell as a translator interface between 
the TTL input buffers and the internal logic cells. 
However, if the CML logic is used above ground (only Table 5.1: ECL10KH Compatible DC 
when there is no below ground power supply), it Electrical Characteristics 
connects directly to the TTL input and output buffers. ECL 10KH 


COMPATIBLE 
SPEC LIMITS* 
AMBIENT TEMP. 


75" 
-0. om eer -0.735 
“A. say ast -0.920} Vde 
-1,630} -1.630| -1.060} Vde 
A, ——- 1.950 





















Table 4.1: Power Supply Selection and 
Logic-!/O Buffer Interfacing 

POWER 
SUPPLIES 


INPUT 
FORCING 
VOLTAGES 


PARA- 
METER 






O 
o) 
ey 
< 
a 





LOGIC LEVEL INTERFACING 


< 
Q 
ro) 









a WA [ons [nose 
of 00] 5.0.00 | +5.0:00 | +50:00 | 
LNA} +5.0} 0.0] +5.0;0.0 | +5.0:0.0 | N/A _| 


*Note: This includes the associate d SE aieeie 





re ce 


— 
1 wo 


**Note: In this case a POSNEGSHFT cell is used as a level -0.840] -0.810 | -0.73 Vde 
shift between CML logic gates and the TTL input buffer | -1.130 | 
(INTTL), and a NEGPOSSHFT cell is used between the CML Vin min. | -1.170] -1.130 | -1.070] Vdc 


Voltage 


logic gates and the TTL output buffers (OUTTTL, OUTNTTL, Valtias 


etc.) 


‘ max. | -1.480| -1.480| 
1 aaa -1.950| Vde 
MILITARY RATED SPEC 
eae 
-1.080 -0.825 
“1.655 Vde 


_< 

= 

3 

ped) 

x< 

=a 

x= 

3 ‘ : 

ped) 

x : ¢ : $ 


5.0 I/O Buffers 

Interfacing the digital logic internal CML gates to the 
outside may be accomplished in several ways. Input 
and output buffers are available that are compatible 
with the ECL 10KH specifications, and a separate set 
of buffers are compatible with the AS (Advanced 
Schottky) logic family. The selection of the buffer type 
is a customer option. 

There are certain special conditions that must be 


=. 
SF 
Dae fren | 


ip) 
ow 
pan ©] 
20 
Hn 
OD 
Ov 
= 





aT 
Q 


3 m : 
met in order to guarantee proper operation of these uve Vde 
buffers. Some of these have already been mentioned *Note: DC test limits are specified after thermal Sauer 
in the immediately preceeding section. Other has been established with the device having a controlled 
conditions include: transverse air flow of 75 Ifpm. Ver =-5.2+ 10%. All ECL 
outputs are loaded with 50Q to -2.0V. 
When using the high impedance state TTL 1 Output loading is 50 ohms to -2.0 volts. 
output buffer (such as OUTNTRI), a special 2 Output loading is 100 ohms to -2.0 volts. 


connection must be made to the high 
impedance control pin, labeled OE. A special 
output enable gate (OENSSI) is used to drive 
that pin from CML logic gates. The user must 
connect a CML logic level control signal to the 
C input of the OENSSI cell, in order to complete 
that functional control. The OENSSI cell can 
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Table 5.2: AS (Advanced Schottky) Compatible DC Electrical Characteristics 


PARAMETER TEST CONDITIONS (1:2) MIN. TYP. UNITS 


Vv Guaranteed Input LOW 
Input Clamp Voltage Vop V C o=4.50 V;1 ee 18.0mMA Lo -1.2 
0 

















Output HIGH Voltage 


VoH | V oon 50 Vs ! eu 3.0mA Volts 
O V =45V 
CC loL =8.0mA 
V 

V =55V IN =2.7 V 
VIN =7.0.V 
Input LOW Current Hie Voc™ 5.5.V; Vin =0.5V 

ae 3) 

Output Short Circuit Van=5.5V;3V -ov' 
Current CC IN 
Output Off-Z Voc= 5.5V; VouT =2.7V 
OZL Vec= 5.5 V; VouT =0.5V 


Current HIGH 


Output LOW Voltage Volts 


L 
Input HIGH Current IH ue 


3 3 
> |> 


- 130 


el ¢ 


> 


Output Off-Z 
Current LOW 


Input HIGH Current 
Bidirectional Tri-State 
Output 


5 = = 3 
heer 


> 











> 




















Input HIGH Current 
Bidirectional Open 
Collector Output 





Input LOW Current 
Bidirectional 
Tri-State 


MILT 


Input LOW Current 
Bidirectional Open 
Collector Output 


lite 


< 
> 





Output HIGH Current 
Open Collector 
Output 
NOTES: 1.Voo =4.50105.50V;T ~ = -55to 125 °C unless otherwise noted. 
2. Typical limits are at V q-= 5.0 V, Ta =25°C. 
3. Not more than one output shorte d at one time duration of test not to exceed one second. 


oy 
7 
. 


= ae 
a= = <= 
ele[e[]= 


—_ 
© 
(>) 
c 
> 
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TRANSFER CURVES (ECL 10KH) AND SPECIFICATION TEST POINTS 


APPLIED INPUT TEST VOLTAGES 


-1.480 -1.300 -1.130 


HIGH STATE 


oP) 
a 
= 
—! 
cmd 
op) 
Lu 
_ 
_ 
5 
o 
- 
=) 
O 
a 
Lu 
oc 
5 
o) 
<t 
Lu 
= 


LOW STATE 


TEST CONDITIONS: 
Temperature = 25°C 


VEE = -5.2V+ 10% 5 pe : s 
50Q matched inputs ILA IHA Min. 


and outputs 





~” 
Po 
yar °| 
Lo 
ne 
> 
Ov 
= 
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CELL SPECIFICATIONS 
SIMPLE GATES 


O2AH/O2AL 


DESCRIPTION: 


PERFORMANCE: 
eipaL Or Gale Power Dissipation (High Speed): 2.25mW Typ. 
CELL AREA: (Low Power): 0.75mW Typ. 
High Speed: 
10,619 sq. microns AC Characteristics: 
16.46 sq. mils VEE =-5.2V1t10%, C; =0, FO=1 
Low Power: Unless otherwise noted: Ta = 25°C, All numbers typical 
15,211 sq. microns 


23.58 sq. mils 


HIGH LOW 
TEST INPUT OUTPUT SPEED POWER UNITS 
TRUTH TABLE: 


tp [| anyt | Oo | 420 | cto] 
Bie cae Oe Oe 
Mise | | oO | 750600 sin 





SYMBOLS: 
O2AH (HIGH SPEED) 


_ BIPOLAR 
SEMICUSTOM 


O2AL (LOW POWER) 
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O3AH/O3AL 
DESCRIPTION: PERFORMANCE: 
SINpULOFigale Power Dissipation (High Speed): 2.25mW Typ. 
CELL AREA: (Low Power): 0.75mW Typ. 
High Speed: 
15,354 sq. microns AC Characteristics: 
23.80 sq. mils VEE = -5.2V+10%, C; =0, FO=1 
Low Power Unless otherwise noted: Ta = 25°C, All numbers typical 
17,651 sq. microns 
TEST INPUT OUTPUT SPEED POWER UNITS 


Tew [wi to | [7 | ps 
Pew [aw | 0 | fe 
ee 
Hien |_| o | 70 | 2560 | par 


TRUTH TABLE: 






X = Don't care 


SYMBOLS: 
O3AH (HIGH SPEED) 


1 A 
1 A A 5 
1 A 


O3AL (LOW POWER) 


0.33 A 
0.33 A A 2 
0.33 A 
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O4AH/O4AL 

DESCRIPTION: PERFORMANCE: 

+ pur gale Power Dissipation (High Speed): 2.25mW Typ. 

CELL AREA: (Low Power): 0.75mW Typ. 

High Speed: 

15,211 sq. microns AC Characteristics: 

23.58 sq. mils VEE = 5.2 V+10%, C; =0, FO=1 

Low Power: Unless otherwise noted: Ta = 25°C, All numbers typical 


17,651 sq. microns HIGH LOW 
27.36 sq. mils INPUT OUTPUT SPEED POWER UNITS 


TRUTH TABLE: 


ANY | 


750 
Mit | | | e050 sip 





X = Don't care 


SYMBOLS: 
O4AH (HIGH SPEED) 


A 
A 
A A 5 
A 


BIPOLAR 
SEMICUSTOM 


O4AL (LOW POWER) 


A 

A 2 
A 
A 
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ON2BH/ON2BL 
DESCRIPTION: PERFORMANCE: 
2 input OR-NOR gate Scar oe: ; 

Power Dissipation (High Speed): 2.25mW Typ. 
CELL AREA: (Low Power): 0.75mW Typ. 
High Speed: 
10,619 sq. microns AC Characteristics: 
Vo8e Say tals VEE = -5.2V+10%, Cy =0, FO=1 
Low Power: Unless otherwise noted: Ta = 25°C, All numbers typical 
11,624 sq. microns 
18.02 sq. mils 


[esr | nour | curr | sree | rower | unis 
TEST INPUT OUTPUT SPEED POWER UNITS 
a Te 
Tou | aws [of 00 Po 

Pent [anvi | os [wo fo 
Pru | avr | 08 | a0 | 1000 
mat [| ooo | 160 | 2060 





TRUTH TABLE: 















SYMBOLS: 
ON2BH (HIGH SPEED) 


ps/pF 





ee 
U 
fe) 
ON2BL (LOW POWER) > 
BS) 


2) 
m 
= 
2) 
Cc 
2] 
+ 
2) 
= 
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ON3BH/ON3BL 


DESCRIPTION: 
3 input OR-NOR gate 


CELL AREA: 


High Speed: 
15,355 sq. microns 
23.80 sq. mils 

Low Power 

15,211 sq. microns 
23.58 sq. mils 


TRUTH TABLE: 





X = Don't care 


SYMBOLS: 
ON3BH (HIGH SPEED) 


ONSBL (LOW POWER) 
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PERFORMANCE: 






Power Dissipation (High Speed): 2.25mW Typ. 
(Low Power): 0.75mW Typ. 












AC Characteristics: 
VEE =-5.2 V+10%, C; =0, FO=1 
Unless otherwise noted: Ta = 25°C, All numbers typical 


presr_| ner | ourer | spec | rower | ws 
TEST INPUT OUTPUT SPEED POWER UNITS 
ea [awi [| @o [mo | oe 
Pou [wi [9 [3000 

Pires | [ono | m0 [20 [pear 
Prat [osoe [eo [20 [par 
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ON4BH/ON4BL 
DESCRIPTION: PERFORMANCE: 
4 input OR-NOR gate Power Dissipation (High Speed): 2.25mW Typ. 
a : = sine AC Characteristics: 
03.58 sq ile Ver = -5.2 V+10%, CL = 0, FO =1 
neat Unless otherwise noted: Ta = 25°C, All numbers typical 
Low Power: 
17,651 sq. microns 
27.36 sq. mil 


TRUTH TABLE: 


HIGH Low 
vest | INPUT | OUTPUT SPEED POWER UNITS 
tpt [| anvi{ oo | 40 | eos 
anyi | o | 420, | 840s 
any! | op | 520, «|| ~—es0.s—sd|_sops 

| op | 480 IS peas 
0 
0 







840 
Tas | 80 
Twice | [eros | 70 | 2800 | poor 
Cie | | 0008 





44 
42 
52 
48 
73 
X = Don't care 


SYMBOLS: 
ON4BH (HIGH SPEED) 


ON4BL (LOW POWER) 
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A3ABCH/A3ABCL 


DESCRIPTION: 

3 input AND gate 
CELL AREA: 

High Speed/Low Power 
16,072 sq. microns 
24.91 sq. mils 


TRUTH TABLE: 





X = Don't care 


SYMBOLS: 
A3ABCH (HIGH SPEED) 


A3ABCL (LOW POWER) 
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PERFORMANCE: 


Power Dissipation (High Speed): 2.25mW Typ. 
(Low Power): 0.75mW Typ. 


AC Characteristics: 
Ver =-5.2V+10%, CL =0, FO=1 
Unless otherwise noted: Ta = 25°C, All numbers typical 
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AN2BCH/AN2BCL 

DESCRIPTION: PERFORMANCE: 

2 input AND-NAND gate Power Dissipation (High Speed): 2.25mW Typ. 

CELL AREA: (Low Power): 0.75mW Typ. 

High Speed/Low Power aan 

rcv a eee pe 52V#10% OL 20, Fm | 
Unless otherwise noted: Ta = 25°C, All numbers typical 


TRUTH TABLE: 


HIGH LOW 
TEST INPUT OUTPUT SPEED POWER UNITS 


ftp | anyi | oo | 620 {1000 | ps 





X = Don't care 


SYMBOLS: 
AN2BCH (HIGH SPEED) 





AN2BCL (LOW POWER) 


— 
oo 
an 8 
20 
7 
YD 
orn 
= 
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OAI2ZBCH/OAI2BCL 


DESCRIPTION: 
2-2 OR-AND-INVERT gate 


CELL AREA: 
High Speed/Low Power 


18,081 sq. microns 
28.03 sq. mils 


TRUTH TABLE: 





X = Don't care 
SYMBOLS: 
OAI2BCH (HIGH SPEED) 


OAI2BCL (LOW POWER) 
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PERFORMANCE: 






Power Dissipation (High Speed): 2.25mW Typ. 
(Low Power): 0.75mW Typ. 











AC Characteristics: 
Veg =-5.2V+10%, C; =0, FO=1 
Unless otherwise noted: Ta = 25°C, All numbers typical 


[resr_| nour | ovmur_| soeeo | power 

TEST INPUT OUTPUT SPEED POWER UNITS 
Pew [awe] —o [0 | 1020 | 
Peun [avr | oe? 1200 | pe 
Pew [aw | op | 70 | 140 | 
Pru [ ant | on | 650 | 1540 | pe 
iiss |_| orca | oso | 2000 

Man [| oer08 [rao | 2000 
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OAI3BCH/OAI3BCL 
DESCRIPTION: PERFORMANCE: 
3-3 OR-AND-INVERT gate Power Dissipation (High Speed): 2.25mW Typ. 
(Low Power): 0.75mW Typ. 
CELL AREA: 
High Speed/Low Power AC Characteristics: 
20,664 sq. microns Veg =-5.2V+10%, CL =0, FO=1 
32.03 sq. mils Unless otherwise noted: Ta = 25°C, All numbers typical 


TRUTH TABLE: 


ee ee Fe) 


HIGH LOW 
TEST | INPUT OUTPUT SPEED POWER UNITS 


hee Lave oft ee 
as 
X = Don't care 





SYMBOLS: 
OAI3BCH (HIGH SPEED) 





OAI3BCL (LOW POWER) 


2) 
oo 
a © 
Lo 
Qn — 
O> 
Ov 
= 
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XONBCH/XONBCL 


DESCRIPTION: PERFORMANCE: 

Two input exclusive ORNOR gate Power Dissipation (High Speed): 2.25mW Typ. 
CELL AREA: (Low Power): 0.75mW Typ. 
ce s idee AC Characteristics: 

31.14 sq. mils Veg =-5.2V+10%, CL =0, FO=1 


Unless otherwise noted: Ta = 25°C, All numbers typical 
TRUTH TABLE: 


TEST |INPUT | OUTPUT | PHASE HIGH 


SPEED 





XONBCL (LOW POWER) 


5 
cr 
Lip 

=) 
(e) 
On 

”) 
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FLIP-FLOPS 
LATABCH/LATABCL 


DESCRIPTION: 
Data latch with reset 


CELL AREA: 

High Speed/Low Power 
18,081 sq. microns 
28.03 sq. mils 


TRUTH TABLE: 
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PERFORMANCE: 


Power Dissipation (High Speed): 2.25mW Typ. 
(Low Power): 0.75mW Typ. 


AC Characteristics: 
Veg =-5.2V+10%, CL =0, FO=1 
Unless otherwise noted: Tq = 25°C, All numbers typical 


HIGH LOW 
S 
il speeD | poweR | o." 
tee | op Tis | t850 


feu | op | a | evo | t650_| 
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SRLABH/SRLABL 


DESCRIPTION: 
Set-reset latch with reset overriding set 


CELL AREA: 

High Speed/Low Power 
16,503 sq. microns 
25.58 sq. mils 


TRUTH TABLE: 





X = Don't care 


SYMBOLS: 
SRLABH (HIGH SPEED) 


SRLABL (LOW POWER) 
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PERFORMANCE: 


Power Dissipation (High Speed): 2.25mW Typ. 
(Low Power): 0.75mW Typ. 













AC Characteristics: 
Veg =5.2V+10%, CL =0, FO=1 
Unless otherwise noted: Ta = 25°C, All numbers typical 


HIGH LOW 
TEST OUTPUT UNITS 
rest free | ourur | SPEED _| POWER 


fet s | a sso | t300 | ps 
ftea{ a | a | 0 t500 | os _ 

pf 902900 | psp 
Man] | T9000 | sip 
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MX2LABCH/MX2LABCL 


DESCRIPTION: PERFORMANCE: 


Data latch with multiplexed data inputs Power Dissipation (High Speed): 2.25mW Typ. 
(Low Power): 0.75mW Typ. 








CELL AREA: 

High Speed/Low Power AC Characteristics: 

ee cat ae ea VEE =-5.2V+10%, CL =0, FO=1 
36.92 sq. mils 


Unless otherwise noted: Ta = 25°C, All numbers typical 


” 
Ca [awe | o [| | 20 | oe 
Pine [aw [| [ef t8t0 | 
Cs 
Cn 


S1 
S1 
S1 
$1 
PHL ps 
pany | 
$1 
S1 
ed 


TRUTH TABLE: 





X = Don't care OUT 


SYMBOLS: OUT 


| 990 

tPLH ps 
'SET ANY | ps 
'SET | 900 | 2050 | ps 
eee 
| 960_| 
= 


'THOLD ANY 1 


| oo | ps 
tHolD | st Peis 
eee! 


ps 


2820 ps/pF 
2390 ps/pF 


1100 2300 ps 


M tall 


PULSE WIDTHS 
GLOW 
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MXFFABCH/MXFFABCL 

DESCRIPTION: PERFORMANCE: 

Data flip-flop with multiplexed inputs Power Dissipation (High Speed): 4.50mW Typ. 
CELL AREA: (Low Power): 1.50mW Typ. 
High Speed/Low Power AC Characteristics: 

eae /> od Mieions VEE =-5.2V+10%, CL =0, FO=1 
55.60 sq. mils 


Unless otherwise noted: Ta = 25°C, All numbers typical 


HIGH LOW 
INPUT OUTPUT SPEED | POWER | UNITS 


t 
— Cea Te to 1 | so 
ee OR 


TRUTH TABLE: 







ftser [| si | oc | a00 |] t950_| 
as 
em 


1650 
2600 


U = Low to High Transition 
X = Don't care 


SYMBOLS: 
MXFFABCH (HIGH SPEED) 





MXFFABCL (LOW POWER) 


0.33 
0.33 
0.33 
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DFFABCH/DFFABCL 

DESCRIPTION: PERFORMANCE: 

Data flip-flop with reset Power Dissipation (High Speed): 4.50mW Typ. 
CELL AREA: (Low Power): 1.50mW Typ. 
High Speed/Low Power AC Characteristics: 

32,431 sq. microns Veg = -5.2V+10%, CL =0, FO=1 
50.26 sq. mils 


Unless otherwise noted: Ty = 25°C, All numbers typical 


HIGH LOW 
TEST INPUT OUTPUT SPEED POWER UNITS 


tp [| oR | a | sa | tt00 | ps 


TRUTH TABLE: 





U = Low to High Transition 
N = Not a Low to High Transition 
X = Dont care 


SYMBOLS: 
DFFABCH (HIGH SPEED) 


DFFABCL (LOW POWER) 
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TFFBCH/TFFBCL 


DESCRIPTION: 
Toggle flip-flop with asynchronous reset 


CELL AREA: 
High Speed/Low Power 


60,270 sq. microns 
93.42 sq. mils 


TRUTH TABLE: 





a 
po f of} vu | Qa 


U = Low to High Transition 
X = Don't care 





SYMBOLS: 
TFFBCH (HIGH SPEED) 
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PERFORMANCE: 


AC Characteristics: 
Veg =-5.2V+10%, CL =0, FO=1 


ANY 
HOLD 
a a 
es ae ae 


PULSE WIDTHS 
RHIGH | 


Ftog 
CLOW 


Unless otherwise noted: Ta = 25°C, All numbers typical 


| sto | 2120 | ps 
trun | oc | any | aco | t640 | ps 


a 
| 160 


| 400 _| 
| ss0_| 
1000 


400 
550 

150 

750 
1100 


2600 

1050 

1400 
125 


2500 


1200 


2000 












[aoe a! 
Les 


ae 
[ps 
ae 
[ps 
ra 
| ps 
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JKFFBCH/JKFFBCL 

DESCRIPTION: PERFORMANCE: 

J-K flip-flop with asynchronous reset Power Dissipation (High Speed): 11.25mW Typ. 
CELL AREA: (Low Power): 3.75mW Typ. 
High Speed/Low Power 

60,270 sq. microns AC Characteristics: 

93.42 sq. mils Veg =-5.2 V+ 10%, CL =0, FO=1 


Unless otherwise noted: Tq = 25°C, All numbers typical 


presr_| wer | oumur _|sreco_| rowan | urs 

TEST INPUT OUTPUT SPEED POWER UNITS 

a 
a aed 


tT PHL C 910 2120 


TRUTH TABLE: 


Any 
any | _a6o_| 1640 | ps __| 
Ptser [| or} oc | tto0 | 2600 | ps 





U = Low to High Transition 


t 
X = Don't care HOLD C 


SYMBOLS: 
Mall 

Reset recovery time 

Reset recovery time - worst case 


Ftog 


| 250 
Ftog - worst case 
PULSE WIDTHS ad 
R HIGH 
C HIGH 
CLOW 





w 
S 
JKFFBCL (LOW POWER) is 
we) 


W) 
m 
= 
2) 
Cc 
2) 
+ 
2) 
= 
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INPUT/OUTPUT BUFFERS 


IN1OKH 
DESCRIPTION: PERFORMANCE: 
10 KH ECL input buffer 
CELL AREA: 
14,627 sq. microns 
22.67 sq. mils AC Characteristics: 
VEE =-5.2V+10%, CL =0, FO=1 
SYMBOL: Unless otherwise noted: Ty = 25°C, All numbers typical 
IN1OKH 





5 
an 
n 
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aD 
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DIFFIN 

DESCRIPTION: PERFORMANCE: 

Differential input receiver See cer ie 

(Compatible with ECL 10KH and Power Dissipation: 3.9mW Typ. 


DIFFOUT output levels) oa 
DC Characteristics: V fp -5.2+10%, T ~=55° Cto 125°C 
CELL AREA: 


COMMON MODE INPUT VOLTAGE (V) Max. - 0.3, Min. - 2.3 
23,283 sq. microns 
36.1 sq. mils DIFFERENTIAL INPUT VOLTAGE (mV) Min. 200 


AC Characteristics: 
TRUTH TABLE: VEE = -5.2Vi10%, C; =0, FO=1 


TEST | INPUT OUTPUT TYPICAL 


tpHL | DIFF 

Tot | DIFF 

X = Don't care t PHL DIFF 
t 

SYMBOL: PLH | DIFF 


DIFFIN 


on 
ie) 
oO 





o 
ro) 


g 


5~S 
NO 
(>) 


M fall 680 


“I 
wo 
oO 


M fall 





UNITS 


O 
” 


ps 
ps 
ps 
ps/pF 
ps/pF 
ps/pF 
ps/pF 
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OUTI1OKHN 


DESCRIPTION: PERFORMANCE: 


Inverting ECL10KH compatible 
output buffer 





CELL AREA: 


24,179 sq. microns Poel Pe 
37.48 sq, mils 


SB You I-108]-o8s] | [-oss|o7a] | | -osa}-063] v_| 
OUTIOKHN Vou?| | |-1.02] 0.04]-0.98]-0.81]-0.92]-0.74) | |v 
Vout}-r02|-t65] | testieo} | | .82]-.54] vv 

Vor] | fr.es] -1.69]-1.95]-1:63]-4.95]-1.60of | | iv 


NOTES: 1. Output loading is 100 Ohms to - 2V 
2. Output loading is 50 Ohms to - 2V 


AC Characterics: 
Veg = -5.2 Vti0%, 
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OUT10KH 


DESCRIPTION: 


Non-inverting ECL10KH 
compatible output buffer 


CELL AREA: 


24,179 sq. microns 
37.48 sq. mils 


SYMBOL: 
OUT10KH 


VL2000 USER'S GUIDE 


PERFORMANCE: 
Power Dissipation: 19.24mW Typ. 
DC Characteristics: VEE=-5.2 VV +10% 


NOTES: 1. Output loading is 100 Ohms to - 2v 
2. Output loading is 50 Ohms to - 2v 


AC Characterics: ! 
Veg = -5.2V+10%, 


NOTES: 1. Output loading is 50 Ohms to -2V; C | <SpF 
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DIFFOUT 


DESCRIPTION: 

Differential Output Driver 

Note: Output Levels are not ECL10KH 
compatible 


CELL AREA: 
21,791 sq. microns 
33.78 sq. mils 





SYMBOL: 
DIFFOUT 
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PERFORMANCE: 


Power Dissipation: 19.24mW Typ. 


AC Characterics: ' 
Veg = -5.2V410%, 


NOTES: 1. Output loading is 50 Ohms to - 2v; Cy <5 pF. 
Progagation delay is measured from input switching thresold 
to output voltage level where OUT equals OUTN. 
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INTTL 


DESCRIPTION: PERFORMANCE: 


Inverting and non-invertin 
9 8 Power Dissipation: 4.5mW Typ. 


TTL input buffer 










CELL AREA: DC Characteristics: V G¢= 5.0 +10% 
16,119 sq. microns 

: le eee 
sal: IH v 
INTTL 






an ae 

Viv ee ee ee 
pogaee 

| uA 
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OUTNTTL 

DESCRIPTION: PERFORMANCE: 

Bistate TTL 8/4mA . a 

inverting output buffer Power Dissipation: 2.25mW Typ. 

CELL AREA: DC. Characteristics: Voc= 5.0V +10%; Ty = -55°C to 125°C unless otherwise noted 


62,984 sq. microns 


SYMBOL: 
OUTNTTL 


AC Characteristics: Voc = -5.0V 410%; C, =15pF; FO=1; Ta =25°C 
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OUTTTL 


DESCRIPTION: 
Bistate TTL 8/4 mA non- 
inverting output buffer 
CELL AREA: 


62,981 sq. microns 
97.62 sq. mils 


SYMBOL: 
OUTTTL 


VL2000 USER'S GUIDE 


PERFORMANCE: 
Power Dissipation: 2.25mW Typ. 


DC Characteristics: Vo¢= 5.0V +10%; Ta = -55°C to 125°C unless otherwise noted 


Ton 
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VL2000 USER'S GUIDE 


OUTNTRI 


DESCRIPTION: PERFORMANCE: 


Tristate TTL 8/4mA inverting 


output buffer Power Dissipation: 2.25mW Typ. 


DC Characteristics: Vog= 5.0V +10%; Ta, = -55°C to 125°C unless otherwise noted 


CELL AREA: 
7,014 sq. mi 

SYMBOL: 
OUTNTRI 


1O7H 
VOH 


= 8.0mA 
or TA=0'C1070 oe ee Lc 
re ee ee ed 


AC Characteristics: Voc =-5.2 Vti0%; CL = 15pF; FO=1; Ta =25°C 


rae re eee ee ee 
'PLH (VO) 
OE to OUT, LZ eo oro oe 


OE to OUT, ZL 
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OUTTRI 


DESCRIPTION: 

Tristate TTL 8/4mA 
non-inverting output buffer 
CELL AREA: 


67,014 sq. microns 
103.87 sq. mils 


SYMBOL: 
OUTTRI 


VL2000 USER'S GUIDE 


PERFORMANCE: 


Power Dissipation: 2.25mW Typ. 


DC Characteristics: Voc= 5.0V +10%; Ta, = -55°C to 125°C unless otherwise noted 


Pee [a Pa 


AC Characteristics: Voc =- 5.2 V+10%; C L = 15pF; FO=1; Ta = 25°C 


troy | 20 | ao | sz os 
runway [| 20 [aa [res 


OE to OUT, ZL 
OE to OUT, HZ 





OE to OUT, ZH 
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VL2000 USER'S GUIDE 


OEN3SI 


DESCRIPTION: PERFORMANCE: 


Output enable gate for tristate 
output buffers Power Dissipation: 10.30mW Typ. 


CELL AREA: AC Characteristics: Vog=5.0+ 10%, Cj= 0,FO=1, Ta = 25°C 
44,327 sq. microns 


68.71 sq. mils 
TEST TYPICAL UNITS 


SYMBOL: 


OENS3SI 





ee ee 





5 
cr 
jo” 
a 
2) 
Ot 
A 





13-46 





VL2000 USER'S GUIDE 


OUTNOC 

DESCRIPTION: PERFORMANCE: 

Open collector TTL 8/4 mA 

inverting output buffer Power Dissipation: 10.0mW Typ. 
CELL AREA: 


DC Characteristics: Vog= 5.0V +10%; Tq = -55°C to 125°C 


61,193 sq. microns 


eee ee ee 


et ae ae 


, AC Characteristics: Vog =-5.0V+10%; C; = 15 pF; FO=1; Ta=25°C 
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OUTOC 

DESCRIPTION: PERFORMANCE: 

Open collector TTL 8/4 mA oe 

non-inverting output buffer Power Dissipation: 10.0mW Typ. 
CELL AREA: 


DC Characteristics: Voo= 5.0V 10%; Ta = -55°C to 125°C 


61,193 sq. microns 


SYMBOL: i Te 
aes Os A ae 
Yo, com |__| 080 [Tait 


AC Characteristics: Voc =-5.0V 410%; C; =15 pF; FO=1; Ta = 25°C 
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MSI AND LSI FUNCTIONS 


DEC4BCH/DEC4BCL 


DESCRIPTION: 
One-of-four decoder (active low outputs) 


CELL AREA: 


High Speed/Low Power 
20,090 sq. microns 
31.14 sq. mils 


TRUTH TABLE: 


DEC4BCL (LOW POWER) 





PERFORMANCE: 














Power Dissipation (High Speed): 2.25mW Typ. 
(Low Power): 0.75mW Typ. 







AC Characteristics: 
VEE = -5.2 V+10%, Cy =0, FO=1 
Unless otherwise noted: Ta = 25°C, All numbers typical 


Fra [2 [awa | w | so | seo | o — 
7 


po ee 
teu | io | anya | our | 390 _ Le 
tee | | anya | on | 590 Eset ol 
teow | nf anya fom | sao | t20 ps 
te | in [| anva | our | 660 | 1070 | ps 
| our | a0 | pe | 
ae a | psipF_| 
os pe ae oe 








ise] | ava 
ian | | anv 





ps/pF 
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VL2000 USER'S GUIDE 


MU X2ABH/MUX2ABL 


DESCRIPTION: 
Two input multiplexer 


CELL AREA: 

High Speed/Low Power 
15,785 sq. microns 
24.47 sq. mils 


TRUTH TABLE: 





X = Don't care 


SYMBOLS: 
MUX2ABH (HIGH SPEED) 


MUX2ABL (LOW POWER) 


0.33 
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PERFORMANCE: 








Power Dissipation (High Speed): 2.25mW Typ. 
(Low Power): 0.75mW Typ. 







AC Characteristics: 
VEE = -5.2V410%, C) =0, FO=1 
Unless otherwise noted: Ta = 25°C, All numbers typical 


tea | Anyi] io | | ts | 50 =| 
tpi | anyi] oO | | 500s tt50 | ops 
tp} st: | oo | ow | 650 | 1200 | ps _ 
tran | st | o | mw | 600 | 1400 | ps | 
tea | st | o | our | 700 | 1250 | ps 
tan | si | o | our | 600 | 1450 | ps 

et tt0 870 | sor 

a ee ee 




















MUX2BCH/MUX2BCL 


DESCRIPTION: 
Two input multiplexer 


CELL AREA: 

High Speed/Low Power 
15,785 sq. microns 
24.47 sq. mils 


TRUTH TABLE: 





X = Don't care 


SYMBOLS: 
MUX2BCH (HIGH SPEED) 





MUX2BCL (LOW POWER) 


- > + 
0.33—4 0p 

O,|— 2 
0.33—4 lip 





VL2000 USER'S GUIDE 


PERFORMANCE: 











Power Dissipation (High Speed): 2.25mW Typ. 
(Low Power): 0.75mW Typ. 






AC Characteristics: 
VEE =-5.2V+ 10%, Cy = 0, FO =1 
Unless otherwise noted: Ta = 25°C, All numbers typical 


Te 
Fe [-awal of [ao | aos 
Fra [si [0 | mw | so [ico [pe 
rN 
fw [si[ 0 | our | roo | 10 [pe 
To [our [ato | 1400 | pe 
ee 
ee es 















Lae ps/pF 
Eaaad 
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VL2000 USER'S GUIDE 


MUX4ABCH/MUX4ABCL 


DESCRIPTION: 
Four input multiplexer 


CELL AREA: 

High Speed/Low Power 
31,857 sq. microns 
49.38 sq. mils 


TRUTH TABLE: 

so} siloln}|eie| a | 
po pout xxx a 
po poyo Xx {xt o | 





X = Don't care 


SYMBOLS: 
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PERFORMANCE: 


Power Dissipation (High Speed): 2.25mW Typ. 
(Low Power): 0.75mW Typ. 


AC Characteristics: | 
VEE =-5.2V+10%, Cy =0, FO=1 
Unless otherwise noted: Ta = 25°C, All numbers typical 


HIGH LOW 
war 
7 2 


tPLH | anyi| of | 1600 
50 


tPLH 


FABCH/FABCL 


DESCRIPTION: 
Two bit full adder 


CELL AREA: 


High Speed/Low Power 
36,162 sq. microns 
56.05 sq. mils 


SYMBOLS: 
FABCH (HIGH SPEED) 


FABCL (LOW POWER) 





VL2000 USER'S GUIDE 


PERFORMANCE: 









Power Dissipation (High Speed): 7.02mW Typ. 
(Low Power): 2.25mW Typ. 
















AC Characteristics: 
VEE = 5.2 V+10%, Cy =0, FO=1 
Unless otherwise noted: Ta = 25'C, All numbers typical 


fer [ome | 2 [Sm [om 
TEST | INPUT SPEED POWER UNITS 

pH | ABoro | sum |_1130_| 2000 | ps 

psum | tt20 | aag0 | 

pH | aporc | canny | 1130 | 2250 | ps 

| ps 

| psioF | 












| H 
OUTPUT 
SUM 
SUM 
ps/pF 
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VL2000 USER'S GUIDE 


SPECIAL PURPOSE 


LVD1H/LVD1M/LVD1L 


DESCRIPTION: 
Ato B, Ato C level shift down 


CELL AREA: 

High Speed: 

11,910 sq. microns 
18.46 sq.mils 
Medium, Low Power: 
10,763 sq. microns 
16.68 sq. mils 


SYMBOLS: 
LVD1H (HIGH SPEED) 


LVD1M (MEDIUM POWER) 


LVD1L (LOW POWER) 





13-54 


PERFORMANCE: 













Power Dissipation (High Speed): 8.0mW Typ. 
(Medium Power): 2.25mW Typ. 
(Low Power): 0.75mW Typ. 







AC Characteristics: 
VEE =-5.2V+10%, Cy =0, FO=1 
Unless otherwise noted: Ta = 25°C, All numbers typical 


A 
Fruw[ a [exo | wo | | 0 | mo 
Mie| [acc | 2s | 70 | soo | oa 














CLKAB 


DESCRIPTION: 

Inverting clock driver with enable 
(enable input will not cause false 
clocking in either state of clock input) 


CELL AREA: 
46,781 sq. microns 
72.51 sq. mils 


TRUTH TABLE: 





U = Low to High Transition 
D = High to Low Transition 
X = Don't care 


SYMBOL: 





VL2000 USER'S GUIDE 


PERFORMANCE: 
Power Dissipation: 38.5mW Typ. 


AC Characteristics: 
VEE =-5.2V+10%, Cy, =0, FO=1 
Unless otherwise noted: Ta = 25°C, All numbers typical 


ICB or ICC 
ICB or ICC 


ICB or ICC 


ICB or ICC 
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BIAS GENERATORS 


MBIAS 


DESCRIPTION: 
Master bias generator for 
VCS and VBB 


CELL AREA: 


161,638 sq. microns 
250.53 sq. mils 


IBIAS 


DESCRIPTION: 


Internal bias generator for 
VA,VB, and VC 


CELL AREA: 


30,591 sq. microns 
47.42 sq. mils 


TBIAS 


DESCRIPTION: 


Reference supply for TTL 
input buffers 


CELL AREA: 


14,328 sq. microns 
22.21 sq. mils 


SYMBOLS: 
MBIAS 
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PERFORMANCE: | 


Power Dissipation: 28.08mW Typ. 
PIN NAME FANOUT UNIT LOADS 












PERFORMANCE: 


Power Dissipation: 11.70mW Typ. 
PIN NAME FANOUT UNIT LOADS 


a a ae 


PERFORMANCE: 


Power Dissipation: 1.60mW 


PIN NAME FANOUT UNIT LOAD 


IBIAS TBIAS 
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TESTING FOR THE VL2000 

To ensure adequate testing the customer should 
submit a well-defined specification for the VL2000 circuit 
that includes the following information: 


1. A brief functional description of the circuit. 

2. A schematic or block diagram of the circuit. 

3. A package pin assignment diagram of the circuit. 

4, DC and functional requirements with any 
associated test diagrams. DC and functional 
requirements may be specified over commercial or 
military temperature and power supply voltage range. 

5. AC test requirements with any associated test 
diagrams. AC requirements are normally specified at 
25°C and nominal supply voltage. 

6. A list of test vectors generated by designer during 
fault simulation. 

7. Package requirements. 

8. If appropriate, a burn-in connection diagram with 
specified time and temperature. 


VTC's semicustom applications engineers are 
available for assistance. 

Typical costs are quoted on request. Burn-in testing 
requires a separate quotation. 
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SEMICUSTOM PRODUCT 
DESIGN FLOW AND 
PACKAGE SELECTION 


VJ800 ANALOG MASTER CHIP 
ACTION: RESPONSIBILITY: 
Joint (Customer & VTC) 


Install on Workstation Customer 
Design & Simulate Customer 


VJ800 PACKAGE SELECTION 





“Common Footprint 


Specify Test Requirements Customer **Common Footprint 


Layout on Mylar Customer or VTC 


Customer 
vTc 

vTc 

vTc 

vTc 
Customer 
vTc 





VL1000/VL2000 CELL LIBRARIES 
ACTION: _ RESPONSIBILITY: 


Receive Design System Joint (Customer & VTC) 
Install_ on Workstation Customer 
Design & Simulate Customer 


VL2000 PACKAGE SELECTIO 
VL1000 PACKAGE SELECTION 


Coun |2 | 14 [ro || [ze [a | 20| || 40| 04 | | 72 | 0+ zo 
COUNT 22 6 120 172 
Plastic 

pip xX X Xt XIX 

pet ea EETE TT 
DIP 


Flat- 
pack 


prec mes TT Te BREE Ht x | 
ce | tt fx. am Ea x} | aoe 


ce 
Grid 
ay 


el Available in a variety of configurations 
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Specify Test Requirements Customer 
Transfer to VTC Customer 
Circuit Layout vTc 





VTC 
VTC 
VTC 
vc 
Customer 
vc 





NOTES 


BIPOLAR 


SEMICUSTOM 
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INTRODUCTION: 
QUALITY! 
ASSURANCE | 


VTC supplies a quality product at a competitive 
price. 

Since the industry has moved away from AQLS 
(acceptable quality levels) toward ppm (parts per State of the art, real 
million), VTC structures its quality program of defect Wafer time, computerized 
prevention through process control with the goal of Fab —— process control. 
zero defects. From initial design to product release, Computerized 
from order entry through on-time delivery, process documentation control. 
controls are positioned to ensure the best possible 
product. 

- Through extensive automation and computerized 
data collection and analysis, VTC uses the full spectrum 
of statistical analysis techniques and minimizes Wafer 
fluctuations that occur in the process. The result is a 
product that conforms to requirements. 

Wafers are processed in a closely monitored class- 
100/class-10/class-1 fabrication area. As data is 
gleaned at numerous process control points, it is fed to 
a central host computer where it is analyzed and 
reduced to valuable real-time feedback in the form of Die high power visual. 
process control charts, trend evaluations, etc. Standard Die bond monitor. Wire 


Product Flow 


Visual and electrical 
Acceptance acceptance. 


products receive the same care and process controls as Assembly pull monitor. Third 
military products. The standard product flow is given optional inspection. 
here. 


“ Method 5004 screening 


optional. 


100% 100% electrical test to 
Electrical desired specifications. 


Outgoing 
Sample 
Test 


To assure conformance 
to requirements. 


Shipment 
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QUALITY ASSURANCE 


TESTING 


VTC utilizes Method 5005 of MIL-STD-883 as a 
model for qualifying new products and processes. For 
plastic encapsulated devices, alternate tests are 
performed to ensure expected reliability. 

Plastic encapsulated devices are subjected to the 
following qualification testing: 

1) Full electrical characterization at rated 

temperatures. 

2) Steady State Life Test at 125°C. This 
accelerated life test is performed to simulate long 
term operation and develop reliability data to 
predict field failure rate. Based on a 0.7 eV 
activation energy and the Arrhenious equation, 
extensive reliability data can be generated in a 
relatively short period of time. 

3) Devices are subjected to an environment of 
85°C and 85% humidity while under bias. This 
test is designed to evaluate the moisture 
resistance of the plastic encapsulated packages. 
It detects corrosion-type failure mechanisms 
caused by ionic contaminants that may have 
entered the package during the manufacturing 
process or are bound in the integrated circuit 
packaging materials. These contaminants are 
ree by moisture and applied electrical 
ields. 

4) The autoclave test is also designed to evaluate 
the moisture resistance of plastic encapsulated 
packages, but in a much shorter time than 85/85 
test. It detects corrosion-type failure 
mechanisms due to free ionic contaminants that 
may have entered the package during the 
manufacturing processes. 

Temperature cycling and thermal shock tests are 
performed to ensure thermal expansion 
compatability of the materials used in device 
construction. 
Industry-standard precautions for electrostatic 
discharge are performed. Static-free 
workstations, antistatic floor mats and conductive 
work surfaces are used when devices are 
handled. Devices are also stored and shipped in 
Static shielding tubes and containers. 
Parts are tested to ensure they are latch-up 
resistant to at least 200mA. Information on ESD 
aie latch-up were covered previously in this 
Ook. 


5 


—— 


6 


— 


7 


—— 


Hermetic devices are subjected to the same 
qualification testing as outlined in MIL-STD-883, 
Method 5005, as shown in the following table: 
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Group A - Electrical Tests 


Static tests at 25°C 


Static tests at maximum rated 
operating temperature 


Static tests at minimum rated 
operating temperature 


Dynamic tests at 25°C 


Dynamic tests at maximum rated 
operating temperature 


Dynamic tests at minimum rated 
operating temperature 


Functional tests at 25°C 


Functional tests at maximum and 
minimum operating temperatures 


Switching tests at 25°C 


Switching tests at maximum rated 
operating temperature 


Switching tests at minimum rated 
operating temperature 





Group B tests 


Physical 2016 2 devices 
dimensions (no failures) 


MIL-STD-883 Quantity/ 


(accept no.) 
or LTPD 


Resistance to | 2015 4 devices 
solvents (no failures) 


Solderability 


Internal visual 
and 
mechanical 


Bond strength 
(1) Thermo- 
compression 
(2)Ultrasonic 
or wedge 


Seal: 
(1) Fine 
(2) Gross 


(a) Electrical 
parameters 
(b) Electro- 
static dis- 
charge sensi- 
tivity classifi- 
cation 

(c) Electrical 
parameters 


2022 or | Soldering 15 
2003 temperature of 245 
+5°C 
2014 Failure criteria 1 device 
from design and (no failures) 
construction re- 
quirements of ap- 
plicable procure- 
ment document 
2011 
(1) Test condition D 
(2) Test condition D 
1014 Fine leak: 
Condition A 
Gross leak: 
Condition C 


3015 Static electrical at 
25°C 











QUALITY ASSURANCE 


Group C (die related tests) 


MIL-STD-883 Quantity/ 
Test (accept no.) 
or LTPD 


(1000 hours at a 



















(a) Steady 
state life test 
(b) End-point 
electrical 

parameters 


















125°C) As speci- 
fied in the applic- 
able device spec. 






(a) Tempera- Test condition C 
ture cycling 
(b) Constant 
accelaration 
(c) Seal 

(1) Fine 

(2) Gross 

(d) Visual 
examination 
(e) End-point 
electrical 
parameters 







Test condition E 
min. Y1 orientation 
only 







As applicable 






As specified in the 
applicable device 
specification 
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QUALITY ASSURANCE 





(a) Lead 

integrity 

(b) Seal 
(1)Fine 
(2)Gross 


(a) Thermal 
shock 
(b) Tempera- 
ture cycling 
(c) Moisture 
resistance 
(d) Seal 
(1)Fine 
(2)Gross 
(e) Visual 
examination 
(f} End-point 
electrical 
parameters 






shock 
(b) Vibration, 
variable 
frequency 
(c) Constant 
acceleration 
(d) Seal 

(1) Fine 

(2) Gross 
(e) Visual 
examination 
(f) End-point 
| electrical 
parameters 


(a) Salt 
atmosphere 
(b) Seal 
(1) Fine 
(2) Gross 
(c) Visual 
| examination 
(a) Internal 


water-vapor 
content 





(a) Adhesion 
of lead finish 
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Group D (package related tests) (for all classes) 


MIL-STD-883 
Test (accept no.) 
or LTPD 


(a) Mechanical 


(a) Lidtorque | 2024 Cerdip package 5(0) 
only 





Quantity/ 





































2004 Test conditionB2 | 15 | 
(lead fatigue) 
1014 As applicable 


Test condition B, 
15 cycles min. 

Test condition C, 
10 cycles min. 













As applicable 










Per visual criteria - 
methods1004,1010 
As specified in the 
applicable device 
specification 














Test condition B 
minimum 

Test condition A 
minimum 































Test condition E 
minimum (see 3) 
As applicable 




















As specified in 
applicable device 
specification 


Test condition A 
minimum 






























Per visual criteria 
of method 1009 


5000 ppm maxi- 
mum water content 
at 100°C 








3 devices 
(0 failures ) 
or 5 devices 


1018 
(1 failure ) 


Data from these tests is continually gathered to 


provide timely feedback for process and reliability 


improvement. The data collected through an ongoing 
life test program provides the necessary information to 


decrease infant mortality and extend the normal 
operating span of the product. 


The operating life of a device is depicted in the 


Classical "bathtub curve,” as illustrated. With proper 


device design and process control, today's integrated 


circuits generally do not reach the wearout portion of 
the curve when operated under normal conditions. 


VTC 's QA efforts emphasize the elimination of 
infant mortality and the decrease in failures which occur 


during the devices's normal operating span. 


Lu 
b= 
< 
co 
Lu 
c 
_ 
= 
< 
LL. 
O 
Lu 
N 
— 
< 
= 
a 
O 
= 


Infant 
Mortality 


PPO LLL LOE LEE EOE OOF EO PFEL EO POLE OOF OOOO OOF OECHLE 


Normal 
Operating 
Span 


| 


PERC CEP CLEP EOE ECE LE OEL EL LOL EL EEL OEE COE FOE POP ECES 


Wearout 





QUALITY ASSURANCE 


LOT ACCEPTANCE TESTS 


Quality control outgoing tests are In summary, VTC's quality and 
performed as shown below: reliability program is designed to 
provide a product that will conform to 
HERMETIC PACKAGE PLASTIC PACKAGE customer's requirements and continue 


to give useful service over a long 


Internal Visual Internal Visual Peed ne 
Method 2010 Method 2014 

External Visual External Visual 

Method 2009 Method 2009 

Resistance to Solvents Resistance to Solvents 
Method 2015 Method 2015 
Physical Dimensions Physical Dimensions 
Method 2016 Method 2016 


Gross Seal Test 


Method 1014 Lead Integrity 


Condition C Method 2004 
ae Solderability 
Condition A1 Method 2003 


Final Electrical Test 
Method 2004 Per Device Specification 
m NOTES: 
Solderability 1. Methods refer to MIL-STD-883 
Method 2003 2. The following tests are optional: 
eInternal Water-Vapor Content 


Method 2014 
Final Electrical Test «Electrostatic Discharge 
Per Device Specification | Sensitivity Method 3015 


«Steady State Life Test Method © 
1005 > 
*Constant Acceleration Method 5 
2001 ~< 
eLid Torque Method 2024 


¢Thermal Shock Method 1011 

«Temperature Cycling Method 
1010 

*Mechanical Shock Method 2002 

*Vibration Variable Frequency 
Method 2007 

«Salt Atmosphere Method 1009 

«Burn-in Test Method 1015 
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INTRODUCTION: 
ORDERING AND 
PACKAGING 


VTC offers its products in a wide variety of packages. 
Dimensions for these packages are shown on the 
following pages. 

Package offerings include a range of pin counts in 
Plastic Dual-in-Line Packages (DIP), Ceramic DIPs 
(Cerdip), Side Brazed Ceramic DIPs, Flatpacks, Plastic 
Leaded Chip Carriers (PLCC), Ceramic Leadless Chip 
Carriers (LCC), Plastic SOICs, and Pin Grid Arrays. 

Bipolar products are also available in TAB (Tape 
Automated Bonded) packages. Information concerning 
advantages and specifications for TAB packaging is 
available from authorized VTC representatives. 

In addition to the above packages, VTC offers LSP 
products and others in die form. All dice are packaged in 
containers (die crates) with individual compartments 
which prevent damage to the die during shipping. Die 
are sold in multiples of 100. 

If package offerings given here do not meet the 
customer's requirements, VTC will address any special or 
unique package needs. 
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PLASTIC DIP/PLASTIC SLIMLINE DIP 


8 PIN a ae DIP : ; 


een 
|e ozo | oso | 509 | 787 
i |.s20 | ogee | rays 
| a | 0.030 | 0.070 | 0.76 | 1.78 
Fn | 0.000 | 0.110 | 220 | 270 
| oy | oo1s | 0.060 | 0.98 | 1.52 
| kK | ons | 0200 | 310 _| 


14 PIN PLASTIC DIP 
INCHES 


| MAX | 
| 0.200 _| 
0.013 2.020 
0.008 
0.800 
[oseo 7.37 
0.76 
0.090 
0.015 
0.128 | 0.200 | 

fates | 


MILLIMETERS 


Seating Plane 


INCHES 


MILLIMETERS 


| 5.08 | 
| 0.50 _| 
| 0.38 
zee 


7.37 
0.76 


0.013 


0.015 
0.900 


peasene | 
| 0.290 _| 
| 0.030 | 0.070 
| 0.090 _| 


21.33 


0.090 0.110 


0.060 
0.125 _| 
tes 


a 
fo] 


*Note: Index area; a notch or a lead one identification mark is located adjacent to lead one. 
is° 





S 
a 
= 
za 
ax 
Wi 
Od 
rome 
re) 








18 PIN PLASTIC DIP 


INCHES MILLIMETERS 


0.072 


0.110 


Ese 


20 PIN PLASTIC DIP 
INCHES MILLIMETERS 


15° 


SYMBOL 


| oc | 0.008 | 0.015 | 0.20 | 0.38 | 
|p| 1.025 | 1.042 
| 0.240 | 0.260 | 6.10 | 660 _| 


ae 

[+ | 0200 | 0505 | 737 | 325 
[ae | 0.090 | 0.080 [0.76 | 203 | 
TH] 0.000 | oro | 220 | 270 _| 
Ps} 0.00 [0060 | os | 152] 
«| ores | 0150 | at8 | 301 
Tae Po fo | 


24 PIN SLIMLINE PLASTIC DIP 
INCHES MILLIMETERS 


SYMBOL 
| MN | max | MN | MAK 
ic Seat eT 
[—s _| oi | 0023 | 056 | 056 
Pe Jeo | 0.015 | 020 | 098 
[200 [1.268 | ots | 2213 
=| 0.250 | 0.300 | 
[+ | 0.260 | 030 | 737 | 838 
Te | 0030 [0.080 | 0.76 | 2.03 
4 | 0000 | 0110 | 220 | 270 
Py To.0z0 0.060 | 0st | 150 
Tf 0125 | 0150 | ate | 301 
ree Oe : 


1 | oo | 4s 


PLASTIC DIP/PLASTIC SLIMLINE DIP 


Seating Plane 


Seating Plane 


*Note: Index area; a notch or a lead one identification mark is located adjacent to lead one. 
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PLASTIC DIP/PLASTIC SLIMLINE DIP 






24 PIN PLASTIC DIP 
INCHES MILLIMETERS 
SYMBOL 


508 

| 0.50 | 
0.015 | 0.20 | 0.38 | 
1.290 | 31.75 
Posse [on [ess [ost | 
| 0.290 | 0.420 | 7.37 | 10.66 | 
2080 | ero | ore 1 378 


ae 
0.200 | 318 | 5.08 
ee ee 












Seating Plane 










28 PIN PLASTIC DIP 
| INCHES MILLIMETERS 






Seating Plane 


er YT 
[| 0000 | 0.110 | 220 | 270 
| | 0.015 | 0.060 | 098 | 1.52 
pk | 026 | 0.200 _| 


*Note: Index area; a notch or a lead one identification mark is located adjacent to lead one. 





8 PIN CERAMIC DIP (Cerdip) 


INCHES MILLIMETERS 
0.015 | 0.023 
0.008 0.015 


0.220 


[oso 
0.090 


NCHS 
| max | om | Max 
— 
a6 
20 | 


| 0.200 _| | 5.08 _| 
0.014 <—_ | 0.58 | 
0.008 0.20 | 0.38 
0.750 | 0.70 | 19.05 | 19.55 _| 
fos [sso [rar 
Pose | rar | s10 
0.000 | 0.110 | 
0.015 


2.20 

| 0.38 

0.125 | 0.200 | 9.10 
eae ae ae! 


| MN 
Eee 
0.014 _| 
| ce | 0.008 
a ae ome 
ee ee 
| oF | 0.200 | 
|G | 0.030 
| H | 0.090 _| 
| | 0.015 | 
pK | 0125 
Pe colle 


16 PIN CERAMIC DIP (Cerdip) 
INCHES MILLIMETERS 


SYMBOL 
af tf ee 


fees eee 
Ne Le aoe ee 
| ce | o.0os | 0.015 | 0.20 | 0.98 | 
|b | 0.750 | 0.770 | 19.05 | 19.55 _| 
| Ef ozeo | os10 | sso | 797 | 
|G | 0030 | 0.070 | 0.76 | 1.78 _| 
| | 0090 | otto | 220 | 279 | 
|0.015 | 0.060 | 0.38 | 1.52 _| 
3.18 | 5.08 __ 
eae ae ee Be 


CERAMIC DIP (CERDIP) 


Seating Plane 


ash 
all's 


*Note: Index area; a notch or a lead one identification mark is located adjacent to lead one. 


Seating Plane 


*Note: index area; a notch or a lead one identification mark is located adjacent to lead one. 


Seating Plane 


*Note: Index area; a notch or a lead one identification mark is located adjacent to lead one. 
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CERAMIC DIP (CERDIP) 


18 PIN CERAMIC. DIP (Cerdip) 


SYMBOL i 10 
ee ee 
Seating Plane 


1 9 
re | 0.008 | 

Te | 02a | 030 | sso | 707 a a 
Fe _ | 0.200 | 0.220 | 737 | 219 A 
re | 0090 | 0.070 | 0.76 | 178 l ¥ 
Tn | 0.000 | 0.110 | 220 | 270 ear ; 


| Kf cosas | 0200 | 318 | 508 | peas eae | 
Note: Index area; a notch or a lead one identification mark is located adjacent to lead one. 
a ee a ee eee 


20 PIN CERAMIC DIP (Cerdip) 


INCHES 
| A | — | 0.200 
|B | 0.014 | 0.029 
0.015 


0.070 


posed 

| oH | 0.090 | 0.110 
0.060 
| K | ots | 


INCHES 
fool 


0.008 


MILLIMETERS 


Seating Plane 


| 9.008 | 0.015 
| 0.250 _| 

| 9.220 | 0.410 

| 0.290 _| 7.37 
| 0.030_| 0.76 


| 279 | 


500 


0.420 
0.070 
0.110 
0,060 
ee ee 


3.18 *Note: Index area; a notch or a lead one identification mark is located adjacent to lead one. 
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CERAMIC DIP (CERDIP) 


SYMBOL 
Te [ wa [_[ wa | 
A | — | 0200 | — | 508 | 
| 0.014 | 0.023 | 0.36 | 0.58 | 
| 0.008 | 0.015 | 0.20 | 0.38 | 
| 2.025 | 2.075 | 51.43 | 52.70 _| 
| 0.530 _| 


| 0.030_| 0. . 


| 9.090 | 0.110 | 220 | 279 

| 0.015 | 0.060 | 0.98 | 1.52 | 

| 0.125 | 0.200 | 318 | 5.08 | *Note: Index area; a notch or a lead one identification mark is located adjacent to lead one. 
ee ee ee a eae 





a] 
> 
O 
x 
> 
© 
Z 
G) 


ONV DONIYSQHO 


15-7 





> 
aS 
es 
Za 
ax 
wo 
aye 
oa 
‘e) 





SIDE BRAZED CERAMIC DIP 


en 
ae Ge ee 
[8 | oo | ozs | ose | ose | 
—e] e008 | ors | 020 | 050] 
a ee ee 
ye | -a200 [0020 | 706 | 012 | 

¢ | -as00 | o.s00 | 762 | 762 | 
[a | o.090 | 0.070 | 076 | 170] 
[4] 0090 | o110 | 220 | 270] 
1 _[-ao1s | 0060 | 0.58 [152] 
[J ostes | 0.20 | a8 | soe] 


MILLIMETERS 
ee Oe 
ey ee eee ed eel 
|B | oot4 | 0023 | 026 | 0.58 | 
| c | 0.008 | 0015 | 0.20 | 038 | 
|p| 0990 | 1.010 | 25.14 | 25.65 _ | 
| Ei 0.200 | 


| o.s20 | 7.36 | 812 
| oF | 0300 | 0300 | 762 | 7.62 _| 
| Ga | o0s0 | 0070 | 076 | 1.78 
| oH | 0090 | 0110 | 220 | 279 
| df o015 | 0.060 | 0.98 | 1.52 
| ok | 012s | 0200 | 31¢ | 508 _| 
pt | —— | o.t00_ |] —— 


22 PIN SIDE BRAZED CERAMIC DIP 


[foo | 001s | 020 | oss | 
Te | 0400 | 0420 | 10.16 | 10.66 
[a | 0020 | 007 | a7 | 178 | 
TH | 0.080 | 0.110 | 220 | 270 
[1 [o.01s | 0.050 | 058 | 152 
«| 0.125 | 0.200 | s.16 | 508 
eames Sg err ET 
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*Note: Index area; a notch or a lead one identification mark is located adjacent to lead one. 








24 PIN SIDE BRAZED CERAMIC DIP 


INCHES MILLIMETERS 


jp MN | Max 

| 0.200 | —— | 5.08 _| 
0.014 | 0.023 | 0.396 | 0.58 | 
o.o08 | 0.015 | 0.20 | 0.28 | 
1.190 
| 0.620 | 14.98 | 15.74 | 
0.600 
0.090 | 0.110 | 220 | 270 | 
0.015 | 0.060 | 0.38 | 1.52 _| 
|_0.200 | 3.18 | 5.08 _| 
|_o.too | —~ | 


28 PIN SIDE BRAZED CERAMIC DIP 


NCES 

| max | ow | max 
Se a ae 

020 | 0968 


0.008 


[0.015 | 
1300 | 1.410 | 95.31 | 35.81_| 
| 0.620 _ | | 15.75 _| 


15.75 
0.600 


.600_| 15.24 | 
| 
o.o90 | o110 | 220 | 279 
060 | 0.38 _| 
ie 


| 0.200 | 3.18 | 5.08 | 
| 1 


40 PIN SIDE BRAZED CERAMIC DIP 

Sipe 
pom | Max | we | max 
| —— _| 0200 | —— | 508 _| 


a ee 

|p| oor | 023 | 096 | 058 _| 
| oc | occa | 0015 | 020 | 038 
|p| 1.950 | 2050 | 49.53 | 52.07_| 
|e | 570 | 0600 | 14.47 | 15.24 | 


F___| 0.580 | 0.620 | 14.73 | 15.74_| 


| H | 0.090 | o110 | 220 | 279 | 
| | os | o.0co | 038 | 1.52 _| 


| 0.125 | 0.200 | 3.18 


| 5.08 | 
fee hoe | Of ib 


SIDE BRAZED CERAMIC DIP 


Seating Plane 


Pets 


egy 


*Note: Index area; a notch or a lead one identification mark is located adjacent to lead one. 


12 


Seating Plane 


*Note: Index area; a notch or a lead one identification mark is located adjacent to lead one. 


Seating Plane 


*Note: Index area; a notch or a lead one identification mark is located adjacent to lead one. 
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FLATPACK 


16 PIN FLATPACK 
INCHES 


0.085 


MILLIMETERS 


1.62 


1.080 


INCHES 


0.064 


MILLIMETERS 


162 | 2.15 | 
| 0.50 


0.014 | 0.020 | 
0.008 | 0.38 
|_0.528 | 
[13.15 


13.41 


|_0.050_| 

| 0.050 | 1.27 
| 0.030 | 
| 0.250 | | 6.35 


ee 
[a | — | oso | — | 208 
[8 | oors | o0re | 038 | oe 
[—o | 0361 | 00s | a02 | 10.28 
Te | 0264 | 0276 | 670 | 701 
P| 0.045 | 0055 | 1.14 | 1.40 


| sy | 0017 | 0.023 | 043 | 0.58 _ 
Pook | = oes | | 9.27 
te ee ae 
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20 PIN PLASTIC LEADED CHIP CARRIER (PLCC) 
INCHES MILLIMETERS 


0.165 0.180 
0.013 0.021 


SYMBOL 


4.19 


| —— | 0.508 
| 0.356 
0.042 1.06 
| 0.395 | 9.77 


| 0.050 | 1.27 | 1.27 
| sy ft o040 | 050 | 1.01 | 1.52 
| Kf 09s | ors | 241 | 3.17 
| tf 0.290 | 0.930 | 7.36 | 238 | 
| mM _| 0042 | 0.056 | 1.06 | 1.42 
| N [0.020 | 0.040 | 050 | 1.01 | 
| Pf 0.004 | oor2 | 10 | 0.30 | 


me wT ene 
[a ones | one [arr aare 
[soos foes asso] oss 
ef o.020 [— fas0s | —_ 
a TP 
= [v.04 [008] 1.066] 1.220 — 
PF [oes | 0495 | v2at [1258 
[6 foe | o.0s2 | 0660 [0.513 | 
(nfo. [050127 fr27 
1 [oo | 0080 | 1016 | 1270 
a a a a 
1. [rosso [oso [2008 | 10.65 
F.042 | 0.056 | 1.066 | 1.425 

nw [-o.020 | o.oe0 ]as0e | 1.015 
[—e fo.00¢ [cos] o102 ] otc — 


44 PIN PLASTIC LEADED CHIP CARRIER (PLCC) 
INCHES MILLIMETERS 


me PTT 
Tosa 


1.21 
10.03 


> 


ere 
eecibear! 
ae ae 
eee ce! 
aie 


© 


Cc 


| 0.50 _ | 

|p| 0.650 _| 0.656 | 16.51 | 16.66 _| 
|e | oa | o.o48 | 1.06 | 1-21 | 
| oF | o6as | 0.605 | 17.30 | 17.65 _| 
| a | 0.026 | 0.032 | o6s | 081 _| 
| | oso | o.oso | 1.27 | 127 | 
}o.095 | 0.125 | 241 | 3.17 _| 

L___| ooo | o.630_| 15.24 | 16.00 _| 

| Mm _| 0042 | 0.056 | 1.06 | 142 _| 
| ON | 0.020 | 0.040 | 0.50 | 1.01 _| 
| P| 0.004 | 0012 | 010 | 030 | 


PLASTIC LEADED CHIP CARRIER (PLCC) 


TOP VIEW 


TOP VIEW 


TOP VIEW 


44 Places (11x11) 


SIDE VIEW 


SIDE VIEW 


SIDE VIEW 


Wire thickness P 


Radius N 
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PLASTIC LEADED CHIP CARRIER (PLCC) 


68 PIN PLASTIC LEADED CHIP CARRIER (PLCC) 
INCHES MILLIMETERS 


| MAX | | MAX 
4.191 
| 0.021 _| 


od 
= 


0.508 


1.066 

0.660 

1.27 

1.016 

| 0.125 
23.11 


| 0.930 __ | 23.62 _| 
| 0.056 | 1.066 


0.040 | 0.508 


84 PIN PLASTIC LEADED CHIP CARRIER (PLCC) 
INCHES MILLIMETERS 


me TT a 
| A | ones | oreo | 491 | 4.572 
|B | 0013 | 0.021 | 0.930 | 0.539 _| 
| c | 0020 | — | os08 |—— __ 
| bt iso | 1.156 | 29.21 | 29.36 _| 
| Ef 0042 | 0.048 | 1.066 | 1.220 | 
pF | ates | 1.195 | 90.10 | 30.95 __ 
| Gj 0.026 | 0.032 | 0.660 | 0.813 _| 
| oH | 0.050 | 0.050 | 1.27 [127 
| yd | 0.040 | 0.050 | 1.016 | 1.270 
| kK | o.o9s | 0125 | 2413 | 3.175 | 
| mM | 0.042 | 
| oN | 0.020 | 0.040 | 0.508 | 1.015 _| 
| P| 0.004 | 0.004 | 0102 [o102 


¢ * 
0  YDQ 
0.98 
Ld e 
0.09 
0.9710 


= 
C2 


0.048 


ud 
id 
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TOP VIEW 


68 Places (17x17) 
ae G J 


TOP VIEW 


84 Places (21x21) 





SIDE VIEW 


Radius N 


SIDE VIEW 


Radius N 








CERAMIC LEADLESS CHIP CARRIER (LCC) 


TOP VIEW SIDE VIEW BOTTOM VIEW 

ee Oe 
aes [ooo | 103 | 26 
5 | 0.022 | 0.025 | osss | ovis 


c | 0003 | —~| 008 _| 


| op | oss | 0.958 | 360 _| 9.09 _| 
|e | oa | 0.040 | 1.02 | 1.02 _| 


| 0.020 | 0.020 | 0.508 | 0.508 _| 


E (3 Places) 


G 


| 5.08 | 5.08 
| | 0.050 | 0050 | 127 | 1.27 
| oy | 0.075 | 0.075 | 1.905 | 1.905 _| 
| kK | 004s | 0.055 | 114 | 1.39 | 
Distance between corner terminals, M 
PMs 0005. fe), 0681.) 


nN 
So 
¥ 
z 
oO 
mi 
Ps 
> 
= 
O 
- 
m 
> 
0 
r 
m 
” 
7) 
oO 
= 
v 
O 
> 
D 
2 
m 
Ps] 
ro 
oO 
2 


TOP VIEW SIDE VIEW BOTTOM VIEW 
INCHES 


| MAK 
0.054 1.37 
0.004 
0.040 


[0.020 _| 
0.155 


MILLIMETERS 


i 


0.045 
0.077 
0.015 


Distance between corner terminals, M 




















28 PIN CERAMIC LEADLESS CHIP CARRIER (LCC) 
INCHES MILLIMETERS 


eee ee ee 
| A | 0.054 | 0.085 | 197 | 215 
| 0022 | ooze | 055 | 0.71 | 
| oc | 0.004 | 0017 | 0.10 | 0.43 
|p| ose | o4sa | tt22 | 14.63 
| oe | oa | 0.040 | 1.01 | 1.01 


TOP VIEW SIDE VIEW BOTTOM VIEW 









E (3 Places) 


LIE 
oe 


Distance between corner terminals, M 


1.27 


| oy | ones | 0.085 | 1.65 | 215 | 
| kt 04s | oss | 1.14 | 1.39 | 
| ot | 0077 | 0003 | 1.95 | 236 | 
er ee re ee 


0 
> 
2 
x 
> 
© 
z 
ep) 
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CERAMIC LEADLESS CHIP CARRIER (LCC) 


44 PIN CERAMIC LEADLESS CHIP CARRIER (LCC) 


a INCHES MILLIMETERS 
aie eet 


| MN 
0.085 | 4.37 | 2.15 

0.028 
0.017 0.43 
0.660 16.76 
0.040 1.01 
0.020 =z 0.50 
1.27 
0.065 _| 0.085 2.15 
L204. 055 1.39 
9,093 ara 
0.38 


= 


68 PIN CERAMIC LEADLESS CHIP CARRIER (LCC) 


INCHES MILLIMETERS 


ei | poet 


Peon eee oe 


| | 0442 | 0458 | 17.23 | 11.63 
|e | ooo | o.o40 | 1.02 | 1.02 | 
| oF | 0020 | 0.020 | 0.508 | 0.508 
|G | 0.300 | 0300 | 762 | 7.62 _| 


[nh] 0.080 | 0.050 | 1.27 | 1.27 | 


84 PIN CERAMIC LEADLESS CHIP CARRIER (LCC) 


MILLIMETERS: 


SYMBOL 
fms [ max | wT max | 


eae SC 2.54 


[8 | 0.022 [0.026 | osss | o7s | 


rane Tear es 
| >| oa | 0.458 | 11.23 | 11.63 | 
|e | 0040 | 0.040 | 1.02 | 1.02 | 
| oF | o020 | 0.020 | 0.508 | 0.508 _ 
| a | 0300 | 0.900 | 762 | 7.62 _ 
| oH | ooso | 0.050 | 4.27 | 1.27 


| ok | oo4s | ooss | 114 | 1.39 |. 


LM | oo | ——|] oss | —— | 
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= 
HEEEEEEREEEM 


TOP VIEW SIDE VIEW 


E (3 Places) 44 Places (11x11) 


Distance: between corner terminals, M 


TOP VIEW SIDE VIEW 


Distance between’'corney terminals, M 


TOP VIEW" SIDE VIEW 


E (3.Places): 84 Places (21x21) 


Distance between corner terminals, M 





BOTTOM VIEW 


BOTTOM VIEW 


BOTTOM VIEW 








PLASTIC SOIC 


SYMBOL 
A 
Poze 


0.201 | 0.300 | 7.40 | | 
0.393 0.420 10.00 10.65 L 
t A 


z 
TEE 


*Note: Index area; a notch or a lead one identification mark is located adjacent to lead one. 


i 


Posse [ease [a Pie fe— 
De fe fe te | 


aa 
= ae 
= 
a ee 


INCHES MILLIMETERS 
SYMBOL 
A___| 0.092 2.35 


0.009 | 0.030 _| 
0.009 
0.598 | 0.615 | 15.20 
0.291 | 0.300 | 7.40 
0.393 10.00 


0.013 0.35 
| 0.050 | 1.27 
0.10 | 0.30 
0.015 | 0.050 | 0.40 

|e ae 





*Note: Index area; a notch or a lead one identification mark is located adjacent to lead one. 
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METAL CAN 


8 PIN METAL CAN (TO-99) 


SYMBOL 


wn 
C 
c 
= 
= 
= 
Ne 
3 


MIN. 


9.27 


| At 345 | 0.65 | 8.76 | 


|B votes | ores {| 419 | 4.70 


12 PIN METAL CAN (TO-8) 


MILLIMETERS 





ve) 
" 
lO 
pal 
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PIN GRID ARRAY 











72 PIN GRID ARRAY 


INCHES MILLIMETERS 
SYMBOL 


0.067 0.090 1.70 







TOP VIEW SIDE VIEW BOTTOM VIEW 









0.016 | 0.020 | 0.40 
0.100 2.54 2.54 
1.089 27.66 
1.089 27.66 
0.990 


28.21 


@eeee2#2s?e8t 880 @ 
@eeeoeesees#se se? 


0.199 
2.54 


4.08 
2.54 
1.27 1.27 


| 0.050 _| 
| o.os0 | 1.27 1.27 
| 990 | 1.010 | 25.14 | 25.65 | 


ae 
(ae ee 
Reese 4 
eee ad 
ee 
ie 


120 PIN GRID ARRAY TOP VIEW © SIDE VIEW BOTTOM VIEW 
INCHES MILLIMETERS L 


SYMBOL 
pom | max | | ax 
| A | 0.067 | 0.090 | 1.70 | 2.28 | 
|B | core | 0.020 | 0.40 | 0.50 _| 
| oc | otoo | o100 | 254 | 254 | 
| op | 1.267 | 1.992 | 92.68 | 33.83 _| 
|e | 1287 | 1.932 | 9268 | 33.83 _| 
| oF | st90 | 1.210 | 30.22 | 30.73 _| 
| oc | 0130 | 161 | 353 | 4.08 _| 
| oH | otoo | o100 | 254 | 254 | 

J | 0050 | 0.050 | 1.27 | 1.27 
| Kk | ooso | 0.050 | 1.27 | 4.27_| 
pt | tt90 | 1.210 | 30.22 | 30.73_| 


@eeesee#e#eee#s#ees 
e 


ai 


eseeeeerstes228teeet 8 @ 


ee 
ee 
ee 
® @ 
e°e 
ee 
ee 
ee 
es 
ee 
ee 
es 
ee 
e ¢@ 
ee 
ee 
ee 
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ORDERING INFORMATION 


ORDERING GUIDE FOR CMOS INTERFACE LOGIC: 


Manufacturer's a 
Additional Processing 


74. ACT 240 _P 


Tees: Code 


P = Plastic DIP 






B = Burn-in (168 Hrs, Tj = 150°C or Equivalent) PS = Plastic Slimline DIP 

J = Screened to Class B Mil Std 883 D = Ceramic DIP (Cerdip) . 

R = Rad Hard DS = Ceramic Slimline DIP (Cerdip) 
None = No Additional Processing PL = Plastic Leaded Chip Carrier (PLCC) 


DL = Ceramic Leadless Chip Carrier (LCC) 
PO = Plastic SOIC 


Device Type 


Temperature Range 
74 = Commercial (-40° to 85°C ) 
54 = Military (-55° to 125°C ) 

Family 


ORDERING GUIDE FOR BIPOLAR PRODUCTS: 


A_ 705 D_ _J 


V Dl 
Manufacturer's ie : eee Range/Performance 


A thru I = Industrial (-25° to +85°C) 


Additional Processing J thru R = Commercial (0° to +70°C) 





B = Burn-in (168 Hrs, Tj = 150°C or Equivalent) — Apane eR ‘ 
J = Screened to Class B Mil Std 883 UGE A oe nae 
R= Rad Hard Package Code 
None = No Additional Processing P_ = Plastic DIP — 
; PS = Plastic Slimline DIP 
Family D = Ceramic DIP (Cerdip) 
Part Number DS = Ceramic Slimline DIP (Cerdip) 
J = Side Brazed Ceramic DIP 
T = Metal Can 
G = Pin Grid Array 
F = Flatpack . 
PL = Plastic Leaded Chip Carrier (PLCC) 
DL = Ceramic Leadiess Chip Carrier (LCC) 
X = Die 
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vTc Tatetelgelele- ics 


VTC Incorporated 
2401 East 86th Street 


Bloomington, MN 55420 U.S.A. 


612/851-5200 
Telex 857113 


For Information 

About CMOS Products, 
Call Toll-Free: 
800/VTC-CMOS 
(800/882-2667) 


For Information 
About Bipolar Products, 
Call Toll-Free: 


800/352-6789 


Printed in U.S.A. 





DB001-10M 2862 








